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. ^j-=^ CT^l UL-^3 jj 

^L^JuVl ^. >) (jj^-,^u _«J-*J1 

Loi^ <4 j <i ^JlA J^j^ ^^11 iJtjLJl 
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. JUU L 4 


L5fe.*dg» 


!ij^ 


^ci i ^ ^<jItn< 41 X t (3^ —ciiil JUJL^%_iiL]^ ^* ' “ * LiJJj jLJtJ^ 

JL^ ^■la,.4.o <L4JJL^ 4LdL%>i aLpN jU^l (jl 3^ JL^l (3^^ 


4 ^ ^^^JlTu aIC 1 * UjLjJI ^1—aJU^I 

i Jj-S-X 3;^ ^aix. (jr^ (^^1 3^ ^LaJuVI 

L^ Uj cr^l jr^ structures ^ 3 ^ ^<^1 > u"i*s! <;ULdl 

3^^-i < “<rt »n"< l 3LJI 




laJUdl jj^ P3j 


g.! dti ^J-X—oILj 5Lj >■ JL->>^ JL^ 4_j 1 1 f 4 L 4-4 J 

•• *• I 

Jijljj] t^LxJI g.L»Ljt 4.^ 4iAjJLi gL^^I ^JLA jl 4^1*1 il 

^L 4 -UJt i^A j^\ jjl-c ^1 4^L i^VLj iI^L j-JIi 4 -*_ 4 L^ ^ Anders jjJLjI 

(JT^ 4-lutAlll <bL^Vl ^>3 J^l 

•* 

CjLjjLa (jy-Jt \—4 tSi— A, %» jj,. 4J1 jlII ^ < 1 1 1 lLLLj Iju— 

cAb ^ ^ sj_ t,l sL-j-^dl l!^L 4 ->I (^1 t contnminnnts 

. La cAhA' 

** 

^j_4jLSJ| ^Lqixll J-daj 4 ^L ^clc 

Cj1j_Lcu (J^Li- 4 jA^ ^J1 4~ *^1 L 4 L 4 J aAjI i*<^i 4_fcduljJ A^ 

' «« M 

*» ** 

jL> j**f t ol 4 > i^jj^ ^A ^3 ♦ A tA:xl^ ittiTt.< ui 

i^4^Lu_£: AA' ^ T “ ^ ^4-AJj-^ ■:k a A’ *-^' ^ *• L 4 L 4 J cLA^t Cy^ 

l^£.Lu3^i JlI£. (jj.3e.juaJL! (^) 3 jl^L^I CjLLA^ (J^ ^jL^ ujjL^ 

a 1 JL%!Lujt ^1 lAAA^ J ^ J ^ ^ ^ ( rt V i CjlAa-ftiJ 

♦ 4 ^t- 4 lr. ^ iS^ L>^ Lu^LujI (A^ ((4JLj1. jiAII lLL4^^1)) ^jl^ 

w ^ 

tLsJljVI jLnjLl^l j^,J»..l! 4iajLuaJl C<^lj| t^L>JI dJUb 

•• 

LA^A^ ‘‘^-9 l4^ 4 4^1 jL^,Ll (J^ L^JlA^ 

«« *« 

ij..i I <i.,A7JI jJIJ-tuJl udJj juu ^ ^ »"j L4^ (1)-^ ^Jx rtJL i-lLIj ^^\ jl5_s 

•^WA U^:» A*^' UA^ A^l ((^_yJLX_4)) JljjL >0 i^l 

jj. -xJi ,.4J i. 1 4.,,X 4 VljLJX J«4jJJLi ..iJi-B icLlJjJj 

** 

tLfcjl X j 4*^ lAj A^ 4 rt\x*<li <>JLIj 1 41 4,4j 


^JLjJLC. ^- 4 < t n^ LM^ i<—^1 L<t t^Vi JlL 4 ^ (^JuQ ^ L, JL>iJ! ^. 4lL(^ 

V.-l^li ^1 (A^ clUj g L^-L 11 ^J 4 ^ t4 l,i ,,S |4 

LjA A»^ 

^^ ^ A**''^** ^ 4 rtjrt:>- 1 J-ift *-A ^ LQL4-t 

«• 

.c^LSL!! iju!b 4'>^ 

uiUj (A^^ ol^ IjLA 4 j9b^uj 

«w «« 

0 * ^“ ' ^ i j.^ (>« 

aii^Vi ^ ijuyi 4j_5L>a 




^ jaJI lylft 


4-i-ai U ^Ujjt (1 >j 1 (>a iExtraterrestrial life LoUj (^jVi jjU- 

OjL^ ^1j-4-u iSLjp^Jb 5"*^ iS^ 5ljjL>.j cr^ 2L*^1 

aIiuS Ll^fc U[y^ 4< ii'<V .4^I tjjLi^J ^^U A. ^ SLoi. 

saiL-Vi fljuk 




si j>iJI ‘*'1' 


^ .Jjl^L L^Misl JUx-wl SSjS-v ^1 

«» 

<>3J^1^I La>cjj^ l^j^l 

<d4UdU LI^sLmu^I jJctllt i bl i^ffllt ajj^ 

«* 

«cijLlA L^b>. 3b->JI urijd OjLI^ q\ j] i<d4jLc, 

lilxu^ >XJ^>y 4jl^L^ J' Jii~^ jA5 ‘Owen 

3l - i- gr - U JLjLbjjB-^ jtLpj-^ ajvxl t^jVl u® Jjf 

Jjt ^ cW-rit ^ 0^ 2 l1j-2i>. ol .life-inducing chemistry 


<3l j ^JJ Lr^ 1 CIajL^ 4 K ,fl.i>iJ t cdJj ^yi k rtAi*<^r> 

3LH>dl C^ ^ ol tprebiological UoLU ^ t^Juu 

(jt J^.. * <., > 1. U ^jJLxIlj^ o-^j Cr^ 6^ ‘L^ii 

^yA ^ ^ L^ua^t L)^~^ cL»\ <*?< ill ciUj 

^jJl 1 t i i \ ^^'\ ^juibuyuXlt (J I <1 .^jijSLlI ^Lstajt ^^i.<»..:w 
‘.^jJjJl ^>4 Cjj^ ‘O^jVi ^jU. SLp- 0^1 Ij^lS 

^ L>^ L>^ U!>^ (1)^ Sxt) L(^ 

.(((JJjJl 1 <j, \ V^ *(jV| Lat 


ay^i^ Jj>j L^'^b ‘(jrKi>i^ cA>-:i^^ iOUIi ^UbVLj 

^ «« 

4>4 4-^ L^Jlc. C:rl^ u-dU-Lot (>« 

•T ^ 

4J - a ... 4l4jt 4 j'^j^- 4 Viol jLp^^l Jloll Juu iudJ.lL!j - 

.(j^jVl ^jLiw 3ij>i!l ^ys^yj 4flU*tli 4i(ii4Lt^4 Labu 4 i rt* <i<i4 4 ja aI 

J li" fli 4 aVI ^b j (1)^ ^^ V <4^t l 

llA 5 Lj.>J 1 b j.fl otjU (j^l 4 1 rt>i!l viilj tJ-ac.A^ j-Aj . LaLaj 4 1*1 4 

«• 

'4 ■... 1 , Oj t^UjJLi ^JL^I ^ < 1 14 11 u 

j’-i «•;J .(jj^' Ul 3-vL^' L^l^lj 4^ otju lioJI oS^I ytj 

«• 

cdJj 4-<duljJ tjLb J:vl yA ‘(^1 SjjjJI j.^l->* 4j-AAt 4 5j .2 -»«t l dj-A 

♦ «4 4 uAi (jrl^ (J- ?* < “1 ^ 




fcJUdl jj^ 


13,Vi 


o^j 


UijJ ‘CrJjVl (i*-^ 




liU 



eriaJi ( j~ut i ,a^jVi (") a^jjSiJi cjjt oaj W 

■ijit* iill 1 g «^«J ‘(J>-^J i(Jjl a A 4 j 5^< « fl t i 

I LAj» 4^ ('^) rocks 

a^a .CrOsioH ^LlIaaJ 4 'V 

*• 

^ ^ J ^Ames j a \ . o ^jjJli 

i JlA ^ ISLa^ * 3Lt.,><JI <Ji3^.^1n (_^^i kijij^i<.4iH ki,l\j)) :((Lm1lj)) 

#• %4 

j it| ^ 4_iu<ljJa >1-3 ^^jJl JljLoj 4i «✓> <ia4^ V (^jJi) 

^.^CJ (2^ ^IjL^l^i 4-AjL4^i 3^JLait ^-.4-UU <^4 mrt > A-i-uVI jJaA. as J 

SLpJI 4.^ O(^^1 tlt3jJ( i^T) t<ju-u (jrU^ 1 , Oj ^ ^ 

A* 

JjJoj 4jIj!^Lc.} C4jIl^ ^LaU ^i ^11 

^ <11 cdiiL^J)) t(^l£La (Jj-^ 3jjl3 f.Lijt Jl 3 USU 4 4jJ 

4^^^..>Jlj 4-j^ a*4!l ^j.4 jJL3 i4 "i i^L^ Ml^j-Stt-^uJi ^..i i^l)) CjIjxiuJ 

a» 

4 44 ) cilij CajL^ f.\^JuiJ .((^^^jVl LT^ J*i4 JUU^ 4^ J)' t ^r JI 

(j^l >21flj ^ >ij-ol 4 ji» OjSj * jj>AiJ 3-**j jf 

4ji^.‘^Mt^\!l 4,3 ilr>11 (a^iJj ^1 4 1 1-vt jJi ii^ 4 

«k 4* 

4jla!u 43 lUil 4jLib .3^-4^L^ 4^-jupjVl 3^ <*i3!i Coil 


g>^..-<tt ..rtili I I 4-_j_xl9>^V) 3^^-«d(!u— 4 JI ^jj» ^ ^ * iSemi fluid 4ijL <41 It 

j! Jl t^^i^L>.i ^ 33 X 3 4,i>xH 4 t 4, Iult 

a* 

^1 ^fL:wLc (4-u^^Vl Mirtii 4^^^ItSuJI 4^3^^^ 4JUb • i-^ < 4 ^J^u-uf I 3 <» 

%» 

I^\ [juaj^.^ L 4-4 t3 j„,fc>p>jVt 3^ Jxi 3i I 3jj 3,Ut ^ta3JI (^\ t3L:^T 

♦ 4jtf J3 3lJ>>li L7^ ('^) 

m %» 

4-JUjt jl *3 j.jLJlI 1 4 J<4^i k_jL3^Vl J3L>. 4ji ^oJ-JLJ 

j„xj^ 3lu^jJ 4.4 ^^iLa ^^^7 ^^u-u Lr^ 4 *ij tit C.(jL^ i *-^^3:^ ii« <iJt qj» 

jL^l ^Irun Cxil^ 4 jI jJL^ i-5^4jJl kiilj 4 jlr. L 4-4 

cJlj La ttfl j < >1! jL^jaI ^JjU a t4J^L<-uj ^7-^ CjIj ik—)tjj TT ij 

31^ V 1^ 4 t .Uu *oVl 4^L LkjlST 
t^L3 i^J^'LLsVI 4JijLLdU 4 Lj,. 4 (^7 (jVl Jl jv jj 3^ (jVl LaI «4 j 4 

j-flj " I ti ) jS ^3iaJ a ^m jLitj ^1 jj-flJi (^yic, fJy^Sh 4. TrU ...L^ (j- ^ < j7- ^ 



^jaJI ^ uaJI 


_liaj ^ iZA-i^j JL-^)) :4Jj_2_i lLUj (^7-^ ^ 

(jOiJl 4((L_4 _oIj)) At! f^\ 1^ «A i«i ^ Ii..t l 

VI - i t \>—>■ - 1—:c..^j. t ^ j-£>XI ^U<« ^ " U . A> 

*<(cL)L 1^ 3L^ L^^jLStiJ 



^ ^ ^ u^JL^LiLd)) L^^]U^-2JUI ^li ^ ^ .^ti 

^1 t ^ rt o r iValles Marineris t ml canyons jLjjJI ^ ^ 

1Y Y * ^jlII j^ . I ^^ ■"*^ if" ^ > i *4 4 1^ c^LcjsI ^ ^ 

(^(iL^Ljft 4 JLSj -* 










djl M c. ^ A ..it I <>> At! 11 ^jja f",^1 A 

I 

JKJii (>i ^^^ JJj ^ Ifiitj Lgl-L^lj Jij 4aieJjJLi f^jja Sj^uljuo 

t4 I cjljLiil 4jj Ijlj Lo (Jj-^ .jlU ^1. o >ili .SL_i_>Jl 

jcja^ (jj tP! » ~'»^1^ 

XiJ > It ‘ 1 a1 I . ..t ^4.^^liJ ^ 

*• •• 

3i j ^ ^ L^Jjj i4_4JJL^ -\5^J L>^ CjLo^Lc c-d-ijjSLj-tJi 

«—fll ni^*! < nV 4 ‘y Mtj-li ^Lj-cuVI ^1)) w.tl Cx^iJ ^4^1^ 

Jj ^ • *■ J ^^J-iJl Cjlj.-j-5tt-Jl * J ^ 5L^1 

olj j ^ ^ ^ J ^ Bonneville 

*« *m 

cJaJjLJ ^ t ^ti j "*- «1 i ^ g- 4_j.ji^l^ 3jL_i_i-u t j ^ ^ 1. 1 ^tl 

^ISUl jjfc ljuk .(_yubUl I tj t^jJl creek jj ^ill ^1 3 , a 
IjULj i hj^ L3j>>V i^j^Ljlu^ *((3Ll^hJI lli-SbJ 4.^ ^^.a3.:>iJ (jl 4-<-^ 


3j 4_Jl^ 


t3Lj-:*JL! ^jLjl^ 4^^^ ^.Li ..LM 3Lj-'*JL! 4.^^^! cjj^la3 

3La.j>JI 4^ 6 "T ^ tlaLxjl j < "< ^ L.^I5>[„4J c^jl rr "illj 

1 31 j »^((La 1^^ l^jlr. (-^j-jfcluj-ti)) tj^lSLo .alien life 4.jju3jVj 

t^\ (^jji < «i rtli ^L^u3j_A ^jub 4 j i^jVI ^jl_^ 3L-i_d>Jl ^Lr c-fl^^^jL-jJt a j <>% 4 

ijj-^ ^jVl 4.iii5Luo 


,«• ^ 


^1 • >i«lt ^fi xUliiit *^1 «£'dJI U 




I c 




^1 ^j-A ^LfauJi i\f. ) ^^LluJl ^ j ^ 

<i <11 j ^ ■< *» C. ^ » nI < II t ( < ti a 1 ^ iS 




uijLk:' 

CjI I I L>^ globules CjLj^^ ^ i^tl *< ^ t _ 

*• %* 

I iitlSLH JjLA *i3A oljli f^jja 4 j Iy\ • A 

4i**l ^ f^jja ^ULLj jL^lj J—^JL^ (J.SLI 1 JJ . ^ J.^LU->JLkl> I ^1 ( JUjL^>Jl ^1 
xli-LJ 4 ^13^,-t-Cu L ^ </a I >. -^40^ ^ ^ * 3^^_^»juaJ 1 

tlh^ CjI t ***.>^ c—>ll^j ^U ^jluju CjLifj^L^li 

*• ** 

CA5t*>^^ 3jLlj-o (j\J ^Jjj>iJ 4.^»JfcJl oJl^ (jl i LLI 4,1-La.i \ Ij 

«• 

t( 1 } K < >J J|JJL>J1 J^JJ 3^ Cr^ 




^jaJI 6l^ ijc -M 




CuJjSLj C ^1 jSj 


: J!l. an^! ^ 



I J^ljjl 


^_^Jl£. ^ Ajj.Ult a.juduuJLj 4 j<tj La CjU^j^>SL!t CjL^^ 

t t J"< A i^Lui L7^ dtlj^^^SLl) alxJb Cujj^ i|jjJL->iJJ 

«• ^ 
oL^^jjJl^I) PAHs V^) ^jG oL1j3^ ^ 4^jl- 1GJLI 3^1 cGi^Ci 

4_piJI CjL(jI£JI t ^'^**11** La u^ Ly^^3 t^oLoi^iijl 3 JljJl£ 4^LajjVI 

cjLJLq-^ cilij * L^il 1 >1 > aL(j1 

PAHs (jL-d i4j3-Lb-ft]l jljXt (j-A 4_bLju3yij i4-j^jjj-^ 


(ji [Iajus U^ I uneven cjjLoGjo ^^\£. 

.cJJt CxJtujl JL^ 4 S.i^ J 4 -l>. CjLIGI^ 

^jLjlH cjIji^Ij 1 j^ a1—a-IaJI jl ^ j (oLj^£^)£ljj oL^—^ - 

iiron sulfide jujl>JI julAx^a iron oxide jujl>JI juuuS] Lwfca ia.i..i,u..jQLLm 

«• OA ^ 4* ** ^ *» o* 

.ijL>- oL-tt^Lii-A ^]yL 5jL^ La^^jj>. 

j.,ji i ^ A..)l Vi <4nj i4^Lu4^ LjJlSLdl ^1^7 t» 

l.*t TTJ cLaj rtU aLlj7 1.^ ,i«, a') *«Jfl <»V))J ((^_^i£.V» 


, L j i^L^f ^Ljjj ^ . 1 ,(^^) metabolism L-^^ ^ r< <»V 4 ^a^Lja ^ *4 i^^LLa 

.CjIj^JI^^£L 1I a^J^iJt Clilj 2 ^ ^ ^ 4 t JijJL>Jl OljL-Ly^LyUj 

Lqjj a j ^1^1 **1 ^ ^jLaXI (^j CjLj^j^)SL)I Up^ 

4* 

^ju3j Ah 4 . A ^j>\.iL^j_A CaI^L>. 4_}->Jt c1jLIjL£L 1I jt <1 > Cuj^^ 

(J-*-^ La^ JLjJU^ 

iij\j^ rims «--aljj>. (jl 4j^_aJI j-aL^1 jlLa *lj_i-i^l _ 

^ij .ai^ OVOids ((OLj^-iGa-^)) /G A s (^j-IL>o CjLj^.j^^SJI 

*• 44 •• 

.jjIdjVI ^_yl£. 5J>:>->11 4 ji-Lt I 3 J-^j L^ il l J^i-i-o! I ^l ^ .« r« ^ < V> 

^1^- a j jJlj^\ (J\j f^A JLftj i^AAL^dl 4JLpju^t l^.jGfC.ill 

cJiif .microns L^aL^^I ^Laj 

cr^l ^ * CH* .4-a-o^l ^>a* , * * * * 1 ^ La j? ij G 4 j lU l ^>8 

Lj[j£Li-a t ^ 3jLJvi((a^ 6 ^^ Lj—jS>L^i)) dJUb ^ * * 



pJlall pjj 


o JlA (II j i irt , SjlaIj 4jj„^ t i1i (^^JaJLx] 11 JL^tj 

t4.^jVl 

•• •• im •• 

* ^La 

1^^—^jL-ui ii i jt^ —^1 1Jl_A »1 oi< tl i^ \ \ ^ 

«• «• •% 1 

iijVi oi ‘<i^ >ij <t>L*a^i 

•T *• 

‘j' er*^^' tA>^' J^*-^' 2-»ja2 51^ J_j^j 

««*•** ** 

<ju>>Ll< 3J Sju^^ILd Sj^ ~ Lt^ 

j-l-a iSLu^ ^3-^3 03-^ (>* 0^ u^ Cjljjj^t cj1_^^ ^jL 

^ l^ j lr . jii£. JL^ <ul 7 «^>ll (>aj i(J>>-l 4^3^ Lr^ PAHs CjIjj)^1 


s 


iliJLtA Sl j ^ -^3-^3 U^-^l iS^ (J^ UJ-^ (j^ i i-iiajt c.^jj^l (jrO 

«» ** 

^ t4ftf h-W./O Cjlj^jj£LJi JUJL>JI . (^^) Cx^pJoJll 

c1aJ^^S[j 4 fli fl><,tl U3^ (jlj 

*» 

- ^ La ((^juiJjLui)) 4JL^ Am /c^LLa ^jjl^LJl (^ r^ .3Lij>Ji 

' «« 

J^jlHIJ tL^lj ju>^ conclusive 4 a M>i -w LuU^iL^ ^ jljlj V» 

m A% 

.«4^jl^ -^3^3 

((L^U)) ^1^3 I a^^Lajj Oj) < <*.* J > 

** 

I^LajJI JL>> 4_ajIj 4JLa»^ ^C^ll^-A 

L^ljLu ^ Ijj i>jLA fjja (JSJ cIjI^-j mi rtl 

L^l j c I jG <A ^3^ Luoj, ,<«;:> Lj _ 4 n A ^ A L^j j . ulr 4jj V| 


> >LJj ^ i It ^ ^ Sp3.ti3.1 3.SSOC12.tlOn Aj^.»iLJk1I 

J^LjJ (>« Sj^L aL>.j_« jj;J.I jIxLi. 2L^ J>>-J 

La (J-SUj * ^1 " <<iVI <;! a! til ljL>> La^ i^L^J ^ ^ 4 

«• 

: 4Jjio 4 j aI^J 4 ^> i^u. Ml t 43^1 i <tll jljL^j JLaJ tjU^ 4 tt I^JLa 


• 4^Vji^ 1 B^ocuuoJ ( 4 ja^L^^ 


(4<U jll ttfif i itlalf iAfaM teli 

^LaIaJI (jI CT^ lO i4^^L‘l^t| 4 4^1 >ilii 4 J t mO 1 < A>.\ V~ t til |jj 

^IjJii] JJ<^ u-.*aJ ^,3 j 1^ t»1^ I ^ -^J) ^ <,lnA .4 jj)iA tj V( 

^-^Lifc—A f^yjLuui^ .7U^i 4 -ajJL^ aI j '>» Jij^j Ct^ JloIo jI 4 rrl 






I n i 3L^ prosecution 

(^^^jtjLjJLi g.1 gltli ^-^L^udVLjj . I ^jI—^ 1 ^ 3L j . ^> «Jl lLLL 

‘jury ^jijj < «t U (jrylloljJLl Vi - Ac. t 4 

^ >ili 4»a_a-aIoj 4 T) (^jJl jjJ c,,«.3.ij.i^ 

* y *• «• 

BL-l>JI ^ ^ jJjj jjlj>JLI Ijla (jLj ^cSL > J i 4 j<<iL<-u^ 

J-ISJL (j-jJ - Ul la t-.^t...a ^ jj .3 jJ:Li 5 <, J|jj V .5 jt^ljj| 

h.1—♦—^faiiL.<0 ciJJj 1 ^1 t i*i> J I ii 1 <>, ^ 

i < ^ /j jj-J jjj "hI jl juj « ! i J_^jJLj 4„. SU.,IlI,I c->i 

«* 

j * M Lo I 4.j4_l^L>> 4..J.4-A1 CjI J 3 JL>>^1^ ^LjlSU ^ I 1 mIc. lOJ^Jb (jr^ C)^3 * 

S 4 -iic (_yJ| ^cJUJl 4>4^.»tj<s 4-Li3(^jJl 

(jLd d ^ 4_uLjua-d 3 . .■ cIa^o ^ 3• T\ iOJJt (JlLo 4 j 

^ t .\ ii ^1 I ^, yj (^jJl JL^-j^l iJjLJi 4jS^x.a jj-jUI < fll^j lit <V A aI Tr ^ 

«• ' 

> ^1 i,_.j ^ - 3it 1 \^^JLU ^^<.f,i33 (^1 cjL^I ^ c4j^ 

Iji i>> 3tl cJ^LLaJLl jLj-jlII J-AJ tjj_3jtll tiLioJI dllli 

4Mr 

3 \ i i /.. /dt«»i i >. t\ CjL^I ^LcjV) (J^ ^4^Ll^I! 

<—o-jj LoJj ...S(j«\_j-i2Lit_4Lu ^tl CjVL>. j^^-jisaJLl jLj-xXI J-AJ i4Jj^l 

«« 

compelling «j^l 3ti JJjiJl)) JlL^ * uJLj jLi-^—d ^i j , , V 1 m i l i jl c> 

Ijl J t A i ;3 ila ljUa idilj j_ 3 Jl 4 J 3 L-Lbyijj .o^ ^ ^evidence 

4 ^ *i \ ^ , I <4 ^^ 3 “^ 4JLl^ dil^ 4_j_3LjL<oj L}l_ju 2 t_d ^ j**41».1 A n_Jj) a. • It 

Jjfej S^L^jJI 1 ^ A. i 3j 4JjVI tiilj <lr>3 4 ^1 iJj-U j-jl-uxJu ijyJu ^Lc^Vi 

iJLxiJl^VI 5aj_fcj *Jjl J^l c-^ 




1 4 4 ^^ 




tJLxiJl^Vl 3.. l -i- »J L^J->a (>£■ jialji cpa-ij *J-il J-rJ-^ Cr-^ 6^ S-*^ 

cii-lfuJl JjJL>» ^ OJ^JL^ 

3 ^ i 4Jij—4-uVI diJ—^ 4~, ... jl4 t4-^^W: *>» ^ LiLilLdd V Lijf C.7^1 ^ 

d d ^l p^j_L=_ 4 < ^ ^cLoIaJI JtaL-LJij * OJJ jLjj L^I 44^L^ 

^.LqJjlII ^ j 4i> 3*^ cjld^Ja-lJl cdL 4^^;-^ 

*• ** 

tV ja| (jr^ 4-ddJ4 3L^ lLILLA (jj La JL^J 

3_3cJLl^JL ^c-^Lt-Sl^^-ja^ 44 Jj^D (jrydL^JLl 4 ^jl O J) L^^ 

(_yij 3 . w.:jL iA i JL>. i^] >^4>^U 1U n a tlUi jJUJ Jl3j 

4_ijLjL^I LjL.iJa_3Jt aJL_3j 4JjVI (jj— jljL-Ilj 













(dJIaJI P 9 j 


3Llj>J1 jlu 3 4 ^ i 1 ti 5j^l^ ^cJUj 4 4^^ (jl (jjjLau-t-u 

,la_jL4jjj 41^j < <11 4 4^^ < I ^ j 1 r , ^jjJLl 

. Jiiaisl jui^biL 

0-3 * J ^ ** Chf*^^ tj^Lj>JLi (J_j-it_Ib Lul 

4 4 r><ll ) J-u LLi£L 4 ^ *^cjijJ,l 51 --l->JLj i^Ijujua t J-uoj t4 ^ I <^t. 

i ^i\£. (j^Lc. (3^ CT^i iStipulations CjLUI 

c *4. \ ^*)j « 4 !^ 4-_S_i-S_>Jl ^4-A >JL1 Cr^"*^) 

. a[ j >tJI JL-Jbj-jJ 4jL^i L 4 J 4.^13 jljLc! CjLLai^ "t miVI 

6 ? jL^l ^4 j 14. n jl\ ^>LlII o^ Cr^ J J ^» 

i L^LifujJ^i 4aixiLiXt cjI$:!^^l>-^L! i"’* jL^ 4jjL^ 4 ^jl2JLI <jijIjlZLcoJLI 

^c_pb-u^i LAj, j . «i JuLJ l.q ^ ^ ^gSotrJJ a ti 4 1 ..>1,1 <.<iJij 

CjIuiII^**! 4 *^ 4_^LlIi CjI j) In.^i^Jl JJLsfcj ^1 LUcSk 4 ,^ i(..LUjJ^ *^4 jLuV Ijl-i- 4 -:^ l^.t.t i^\ 

t^tJ^JLl (J^ (Iv® SLj (jl CjLuV 4->3jV 

.^jjJLl 1^ ^loJLj C^I JL^ 5jje-uaJi (jl ^ 

JaL 4 ->Vl flj ^ 1 dJLA 3 ^^-^ ^-^. 3 ^- 3 ^^ cl)^ jW^l - ^ 

. L^LJ^I Ugj(>« cJiG JMii. 3Li^ i^jVl 

. ciJJ !i Jmj c3j t j 1 i 4 ^ ^ ^ ^J 

«* «* 

CjL^V ' ^11 jlc (^^Jl.>o 3^^ 4n ^ t, t 3il%aj| a! V**. t tii . V 

♦ BIjtt it 4J .1 C-T^J 4^LL4.i^ Cr^ 

<1 JlB 4jj..jJLplj 4^^1 j 4 j5)sJi dJLA ^1 ^1 4 ~-'^i jl > I j .fadut . i 


^-LL) JLd 4 j^ d**. 'J 4^^l j 4 jSiJi 40j^1 ^jlA 4 <-'^1 J\ > 1 . . t 

. 4.jj>Jl Cji-IjiSJI L^ (.ilij CjLjIj4^ 

_ ui 4-j»_ju 3J jjJ^i ^j) ti 4.La_SJj| 

1 ^ (^JlJI - L^L4-> 4^L tJ^ I 4.jjL^ie-iIuiiJ > ^ t i 

i .lUij 4«S_3lj»_4 eJiaj-Uj ^ O^ .('^) 3^-^ 

< i.l^ij ^^Lju;i. 4 4-^i .^Ji CjI li jq^fratl f^j£. 4jJLcL5 

>r i,..al.i AJt.A.U^ ui L4jU£. 4 j| clU Culs ^)) t 4J i((4jtJj'^l 

«((^4 &Jt (Jt3^ ot t^JLaTLr^VI jLiJL) O^ 14^^ ^ 


* d I *♦ 


jJl 5jLi_cuJI (jy^ ^ 

4,al4— <-Jt 4._o. >L^4JL1 / ^ ~ / 4J£D 









ijLA ^} La j7 ^ C7^ Ij)rt iTn ^ 

Ijl^I lajb ^Lg." tj ^Lc j!^ dJJj C>^-i 

. jL!;JI JgjJt ^ J^l J.L5^ ^ *u^l ^1 jl^LxUI 2L5^ oLJiV 
^" n ^jja JL>JI Lg^) jj^Sl\ uoJJJll tZare jlj jj\ cJj^ 

4i.%_g jj) <«m (J1 rt git ^4-.aj^_gJI ^J^ <^L^I j! —Z, l^j^^JLj ^gjfcjLg <»l 

4^ (jl£,jLj Li I lit U Ut .pl^Vl f.LgijJI (j|» t(({juijijLcu0 

%• 

3jlx,L^ ^L^V 4^1.^JI (.iUjJj «<(f.Lj i*iiVl lLUj ^Lst-us CiLuj 

«4*1 u 4 j, i*ig*iiii<j t \ ^jrt (> j-^La ^Li,>o jJpaVI a ^ 

>j^>-at,l t^jVi CjIj 4 g^U (jLd t^tJjJLl 3l ^L>> 

1^ ((t)) ^_y>aL»JLI l^Iu^)u u> JuljJiJ 

4ft 

cdLiJb^ pLcjVI ^jjt (((^)) ^_^L>JLlj Bl^LdjJI 

U^ ^( ^ ) 4.La.A.ltLj 6 "-*^ L-a^ "i,.A j m « f» A ^ <<4j «^^LJ^I 
4ln rt < tl dLstuLAA ^i,< >ij J.gJL>JLl t^LJjJll ^jua Jji^L oJj! Jia V i^tt 
4 tin itL ^j^Lg-^Sbj cLu.Jl!^ iS^ ^ ‘(^) 

(jylc. 5Li^l (J^ (jy\£^ jA-alL SjitjuaJl ^jt fj^ (_>aJu 

^ «* 

4.^.djlJI S -*■ i^\ ^1,< ,|j IwoLgj 4 n J*.*, ! <*ii*> J *i» 4 <^t I^lj^I 

(j! « t)) ^_y>oL5tAlj ^j!SLa^ . LajI t U i «il LjU^^JJ SLpJl J^tjb *(^) 

ftft ^ 

J>u ,_>a*j (jlc. CjLji)!l 5^1 J_1^I cP®>3 OJL>-^ 

cLtjJllti ^L^Lgj JL^ Ll! uljLIu ^ lj)| t(JLaXt ^Jj j-j II ttl (j-ti^J 

jij, g*i iuVI JLj^I 4Jt JJ^ *(Jj n aU ciLuJt "n Lgj 

ft* 

5 L%^*tl ^Lj ^ItiU i II (((^)) ^j.>ciL>« 11 (2^1 j 9 » 4..g^l^JLi ^jLgf>Lt.iiut 

* ^»**ftftftft ^ * 

fj] ^ya 4jtj i4 J i^a nU CFUX k.A ml 4 USltl (i) ^j 

^j^Lgj . 3l_L^>Jt ^IjfllLiduLj . CjV L g ^ t ^ Vi 4.^1 r a.^’i.n 

yt ^Jj) n t A jJL^ (^l l3j^ oVl-A a^ Vt nJLA <-<^J (J-A . l,^ 1^1 4j 

•ft 

^j^La! y» 4j^Jl^Lj ^ »7 t«t)} ^_^L>JLI ^ ^ Lg^ tciLuJI 

' ftft 

^ic. t ji . A K j ,ti llILIa ^jl ^j-A 2 LjjJl^Ij ^jt (((^)) 



Xib ‘ *‘ ^ i4JjJL^I CjI^ j,i fin^iti ^jg,:K ya VLgIL>»l <^^^7 yb aLl^JI 

iLijlja ^.tiV"n ^7 ^J^JlII 4-cLti‘< iiila ^ ^ - LaLaa 4-CJ|^^ 

*(Jj) ^^^ cLLuJI JJiJ 


ft ^ 






Lu iOUVI 4S:2LSJI 2Lui^l ojla o^' 

(3^Ib (jt (^1 CjLU1j.Iu1VI lLUj >4 I<t rt I > L^Lst^j 1 ^ 4j rtj 

:^j) rt• a ^jjaL>JLl 

(Jliolj * \ ^Ai t iU 4 j-jst^ i^Lub 

^ m * ^5; «• 

i ^ ^Lc. i cataloguers 4._j_-ilua_A J » ^ ^ ALH 84001 ^^-Li<VI 4 -Jr 

impact LajLuaj udJj I ^ o\mXJ^LJLA 

tln >a I« 4j|^ t^j^l ^^»:ae->Ji ijub <-1 > tii (jt Jlj V Lo 

(jyj f.\ _u::^_^1 SjljJL^ CjIj 't iaJ O^ -1^ < < ^l - ^Di 

«• «* 

, interplanetary space 

(^V 4 m ^..JU t a i ^X t^LljO * j--^ th A. >. . T 

4-jjuajVl 4lj ill (S^ ^ 4i>.lj q] j^LtsJl 

\—a] . ^A.Urtll a j l^ti LftL^ua^ 3 jlJII 4 _<«n cJJf \ V * 


4 > **i rttij Ca^jJI 4_j-d L 4 J Lj. I! rtnti j^4 aII 

(2^ g.1 1^ All IaI 4 ^ irfn 4^1 4-uja^l 

*4 4* 

. 4lxdU i , 0 

CjL^ ^^yLjjuaAl]l ^ 

«* «• 

CaJ^So (^aJl (3:^*-^^ JLjjLSbUll ^iSLo} ^JLA ^JA (jr^J .CjLj^j^^JI 

^ ) 0 ^.u j^i—lAtl ^jVI 4^>^3JU tCal tX^i dJA 4 

^ i J, TT. <J 1A^ 4 c (JjJl^O JJLSbJ I i 4 .< ^ J (41x^1 

«4 j><Ji cjLuISJI LajJjj (^j^7 ^jLjijo ^L4.UJ1 (^ja 

4JjL^ (2j-iJLusJt pLu^V) dJA OjL^ La (Jj-v ^JL^xtU 3jljj LLuxoll LaI 

CjL^VI JLHaauj .3Lt^>J) Jl^ ^La^I ^ (jl jJLl£»! iOjlS^ La 

^ i fossils J j4i -»>! VJ La CjL^-iia-j-Ji cd^j! 

«• 

• JU^IjJI IjA 4-Ajju9^ jL^Io| 

cr^ CaL^jjXJl CjI^^ ^ 

«» «* *• 

l^jA Ai <dU..J.L?>l iil> A <jjlLjL-A ^LuS^Lj tPAHS ^,4 < *U (JjO 

^^1 ^4^—^ ^ .y pLz» ^ * uJLl I m X i i ^ 1 I L V ^ A I t b)i 1 I )L 1 i I i Jl liiiiuL^l 

i 4-j '^11 cjLuISDI jl ^ MiJcLuVI (ji^^ L^t ^.j I» k.\ ^^^^SLaJL) 

Ia^ J,< ti A*> (J^La^ V 11 ^ tAiAl L^.» j 4 ^ ^ 


- 1 



^jaJI SLp ^ 


jj-LdU-A-HJl icdJjJ^ 

CjLi^jJLI C4'y*lj| JL^ CjLjJLcX. 4-Jl.<u.^l (^Juq 

c-cLuix^l jl^ Lll^,! jL^ (jj**< <jK {(L-uU)) c-ul^ ilil 

t4-4JjL^ Cr^ (S^'^’^ cy-^ L^J)" i(^^) CjL^Ljj^I JjvI 

< <\t^t ilJjjJ jLscJLt-yl Cy^ iSj^ Cy ^^^ 

1^ ^) ^L>-^l ^c^jJ L^jlIc. L2->iV ^Ljl^VI } o 1} tlr. 1 

J^Jj ‘J^j ‘^L-^J iC^') (^L* L^J-a ^ cji*. (^1 I n-r '<i i(_iiiie_« >jj1 

LuaL>^ c-«-*juu^l 

%» «« «* 

g.1 j^muu ^ 4^ jJt ^Ju>» I «3^1—^^JL) 3^1 iiio ">» 4_j-A^^I^ L-3j| ^ II 

«* *• 

<:UxiJi (j! ij^\ 3j^ U h ) myths 1^ JiiJ' 

^ Jf 

.^j-iiaJi i^jjn ^ V 11oL3j 4l>oL>> i(J^j^\ jjaj l^\£ jj^ <^! 
^ ^ L-^jljsIj^ (•*.t>. a “i t 4 fixed sttirs 4_IbLjJi ^j_%J(Jl 3^-^xv. ^ytj 

L^ ij^ju ^Lo-i-uJl ^JL-ij L-ojlut L 4 .^L 

starry ^ ^ < h ^yu 4-^13 ^l <4i^j 4 < n <v jyj^j yj < 

(jr^i ^planets 3jL_j_cJl ^juA cloL^ .constellations 


^ i 11 4_i— luJIJLj 1 ^ t 4lj-x> 4 wanderers jf «a 5 ^>-?"<U)) 

.(^') zodiac ^ju^l 3^1 j »lL*^ ^ 4,^.>urL^ 3jij.juaj 

4Ji^ Alin Cy^ JL-til f-dsk-^ ^03 CjL^j_3t-Jl]l ^JLA 

j\ Jiw 3^j i^U ufy*Ji c^lj-oU 43 jl>.1j 

4 U, Aj O^ <t lj ^x^jJLl ^^jJLl i Jl itl i a j * lL!^ 

2^1jl1,1 Ll^m cjI^^-jJuJI ^jla .4_3jLx*iJI 4A.^I 

2LLju_,Qj>dl 3^1 j.cii.U Cy~i (2>^ C^^3 * L^** 4*41 !i c^^^5>L.l I Ijl^ orhital 

' ul-^ urt-fcJL) 

j 4 ^ 4-jj^^-3 ^ 1 13 r„I j ^l^r.L j 

Ijla ils^^*L) (jl Lli£L4J 4g.l o.4iiH I ^h \JL f 

^ «» 

^^jJi 4jj^fl _AjJl > 4 -^Vi Oj-^^ J 3j Vj .{Jjj-aljdl (Jjill 


pJUdl^pgj 


.BjuiL^I djub JiLjq ' t ^ ... 3^-^ Lila ^1 .,.j 

La>Aii (ij-^ ^jj*^ 

it < v ...- <^ t. n ^ ^ ^ /1 ij^ 3-i j^Ltj dJLIj JuLj <1 o ioaJI 

4j (J^ua-at (>» ji>il L^oic-J .>^*-iJI rifi VJ-^ 


4 j 3i -Lti diJ-A ^ ^ * i 1 1 jj . f-L^c-4uiJi Ly ^ JriL^ 

*» 

dL^I ^j-oSLaj ciUIi juuj . JL^ 3 jljJ ( 3-ajj jl^ ■:» itL 4-«—udjJLt 

i>jlja» : <J 1 ^ < n 4-j-<aiUlj 4Ji^^ 

i4j jjiau-u ^ <^ 4 ! ^ 4jI ituiM i overtake jjL^j ^ 

1 <v^ i^jjacolL 4aLju3^^l 4-j 31^^11 c 3l4<tl liJj, '>• ~.i 4jL^j 

backdrop 4 3^Lu-u ^ 4 » 4 «it j cJuL^t ^juq^I 

i R^etro^rade 4ajL^t^^aJI ^jub Cj^ ^ ^ ^ ^ ^ ^ julj^ • h.Laju # ,> tL*v ^ Ir^ 1 1 

»» 

J-^~^ ^LLsJLI 4Il^JJ>> ^LmI jLJJLOxui^ 3^^ 4jjJ 

4 3jj>laJ i L^jj Mi-4 LSjJj-u l)^Jl9 (^jJL_caXl ^J^ J. 


u^ 




J»3 J Lq-4 i J^l 3 jjjuaj joJuj La 4 ^jJ<a-*-o 4 j^j^ jjl ^1 4^Lu3i . L>>Jju 3j 

c^S* 4-aL.m jjV 
♦ (^^^au!uJLl (^\ 4^L m JL j 

t n >J i4-.jjj^JLtl 4 jL^^^— 5tJJ ij-jQ-^Vl ^_)jJLi (j^-b MJ. *4VI i., 4 1 4 .,aJj 

(j^ ^JL_^I t.La.itijVl >!aJt ^L:Kjt ^ cl)ljLjuaL.>JI Clc^jj t^l i "JLl 

cjJl i-f^l Lnjj IJ-A 

•% 

^1 4JI iNegral Jlj-a>o J^Uj Mars ^j>JL 1 -^l. ^ UJt 3a :>J\ 

(jjjJI Lai ‘.('''^)(^,i>_i:yt v>^' *^1 ‘Ares (_H<i)Tj i(^^)(^Lai 

«« *» 

(Jl 'T ^J lt j (^jja ^^3 } 3j|j^ ^ K gtt Ij) 3 m r. i 

«* ^ 

c^! ^res I (2)"^ * ^ if, ^) (^JajLju) fi- 1^903 _c!^L-d /a 4 ! tL 11 1 

(J**^ ^ L^i V Tte *1 <<1 A V ^tlxJI ^ t.ii^\ 3^3 N^ars a 

4jj|j_^t^^_j_^Vi doj^ 3. JUJ —i^. 4l i n <_3J I i^jja JLotJ^ - ^4 jJ|. J t^ tVI 

4 ‘TT '^Ldl 4 ,!1J^L^^ ^ 4 ^Ijl^ —i-uj ^.lia^ 

jtj-jo (jl J—:vjfj tc-^l^Sdl 4 -a^L^I 4_1^Ij_A L^L.dua£^ 


J Lq^ ty^—^3 telliptical LIa] JSL«i 4J ^j-uajaiJl 

*« 

* ^ * t < <iJ I f. I 





4 M J a 


)) ^ 


JjIjI c.r<< ^Gulliver's Travels cuM^j)) (jjJUli 4jl:i^ ^ 

Cxij^ (J:e^ ^UUI 

* Lhi>^ Ja-^L4 L } u: rS \ (>» cu-^ 

i^jui-Iu V 1—Deimos Phobos 

*^L^| JJlC i ^ a. i-wf ^1^4 

iLowell (JJ3J ^Jl rt j i^.., tM c . ^j_uLllJl l^j 

Jljuo^^^ ^LJ.^ !f> < 41^ 4JbjL^ ’“ J * oil rt ^ 

♦* 

^^Laj j ^ 4jj,.^..>. ^ji jl—• 4jV^ 4<jj a 

«• 

Ttl^ Cr^ oljji j! Jj-Sj tLJLlajI eyl-L^Lji ^ 

^^.xdU^ ***' — canali 4 ^ILl^Vij 1 ^ ji(j)il^t — ^o^>J.I 

(Jji^J ^1 Jl i ) A^ 0 ^i—^ 0 ^ _ i JL—c,lj . 4»»j stjjJLl «oljJ_5Jl)) ^ 

t ^ ^ t Ajw ^ ^ Lj ^j)* iSLjo 4 ,.xj.jl^ Djj^.uo 2vi-li ^ 43L^^ *< *** ^ 1 

«* 

o-A j ji CT^ L3l^ u! ck^ JL-^ • LLc4i-3. Vj_^ o^V 

c^IjJI ^U 1 Jlli ol^l <>.UJI 4^i^jdl 

ijyA (j>—d t ^ * 3 jlJL^ »4—^ij) 3 4 4>VI j^-JtfaljLlI 4- j >1^311 p ^ ^ b 

tilj—JjV 4 I < h.IILj 3 • 4a (J:d5-^ OjL^ *0^3^^ 

4_jj^ ^L-ajJl ^ u;;J-*-li ^1—^1 xn 33 < «i ^ ^ 

i ^ A^A ^i-c- *015^^ 4-.>»3Lfl A-juA^ c?"^ 4,.xv.il\ I. i ^ ^ (j\j ■ 

^JJ>‘ L3^J^ (>» So^lj . 

«• •* 

^ j cjIjLi^ i jLu <. 4>i iWar of the Worlds ^l^jiil 

(jibjVl u>^>^ o\^ L>^ 

cilij i-Ouj *4—i-uDjVl (Jjt-idj ^i ^lll UJ^ kj (1>:?'^^J 

- Halloween o^.nj.v 7t\\ jl^ 4i^ ^ jujLstliLjj 4 4JL(-u (j^jL 
•• •* 

Mercury theater 4_^j-tJLl iSj^j-^ oc.i3l - > ^TA ^Lc. 

^ ‘jk? kjj i-^j u>"jj^ 

^ iSjL-aOJLl oUVjAJ tiJl (J^LujuJI 

jj-uJcaJJ ciijJiJ ^j-1 U^-J (1)-^ 4ij. 1 a ^jl ^Ji ^3:>»l ^-/o 4 j:^jJ 

cdJ3 JL*J O^ ^,3. i3il Ly~^3 ” IjISLa i 

*(jy «tit 11 (jLj-iJl 
«• ' 


aJI 


3J1 


(>» 



pJUJI 



4jl Laj ^i.j^-4-U 4 Jaj^ 3JI P.Lowell Jt ^ ^ «l«aij ijj» tjj^ 

I Vrt'tff.l 1-4^ ^U tw 4._>Jkj^t 4iL^ iI>jCL4t ' J 

Ju^jjt OtiSCS ljI^I^ 4ji 


^ ^ U^\yl\ jL^Vl ciilj Lcliil ^ ^ Jujtjj 

((Ll^U)) ^l£j (•*<rtlUi <^< »!i oLjjLulj-oJI oL-jJLp.i-uit 


Ja-ujj ijf 1 ^ 'K iMariner jl4-^Lia-fl cjL^j-4 j^j! ^j>JII ^,^1 

cr^ JjVI J>^ r .^t >L aj bj-^ 


er^ CjLa>Lc, 

^L- ; > ^^J cjtjJLd c-Ljvi t 4_j£^^SL!i 

(_;r^ L^JaLiiuS^l i.aJ ^L^cvl Lg-^ a^j^I ^.Laj ai 









Viking Juu {uua^jL^jy^ tciU j 

Lqjj tdLptU <S3^ LuaLsl j ^l^j ^ ^ 

.dlj^tJj jJkU^l ^^lUJl (Jl^lo Lt^J (Jf ti W> rt*4 dLi^l Qji (J-^ 

^1 ALH 84001 ^,>^1 j^^\ ,^LV1 j^I ^ 

4^L>» 4^Lui ^ki->' ^^lb| fi.\^jLuj .I JUb ^i..i^ 

i4JuLu 1 f 0 Lb^ o c. ^\ ij ^^^ ^jub Cjj! . 1 S 4 iV j:kt 

iiu^cj (j^ ^a4-uL>> ^Ijl^ ^01 CT^l L>^ <r.i.Lrfart M 

J-^ (>» LujJ ^uujLcdt ^ i JL-flVl ^ ^Ic 

Cr^' (Ihii^ OJ^ii .5 Lh=^ ‘Cr^J^^ 

** *« 

pLjusloII t"i*i > (Jj^ 4 J Vj^t SjJt-juall lP^J 

^ ‘ l^'itlxuj ^s-fcAj^*<'i,iu<)) (Jj-^dL9 ^JjqI^ ^ 

djub i ij 4 (JiliLItJ (j! IjJjt I jLd .<({J^^I dLpiJLj Ijj.-I^L^ 4-2 jj^ ^ i >"< i U 



J 


L^Vl c 


O 




t^'S> 




Jl ^ ^Lj 




ijLo: mI llLl^ 









)\\\ .LitJi ^ ^1 ajjVi ol 

Ji-lj CT^ ixjjl 5l^ 

C<^CjIju^Ij 4ajjI djJtejua 

Kr.SjLLif SjLli Allan Hills }hA jV! 4_iLJU ^ 

«* 

Q^SL» 4. L ,u i , 0 JLjij 4_UjJlJ>hJl 4. a ,i,„lr^i7,H 

♦ V1 1 iju j^jji 4It,f,i c-oJ I ^ ^J I 

^ i4_j_3c.j^i dJLft u^LJu-j-^) t ^ JL^j 

<>» (>* 

jL^Vl ijbtji ^J^£. oiii! jVjj 

• ^^LlU 4-uir?>^i 4 <11 < nj /qI! ^LIl!1 4^jJj^ 1 d j .1^ ^tl 

^ ^ l^jJI IjLAj 

‘-r^ ji/1' tr^! 4-^>» JLi^ijj 4_iK: 

tr^ ^1 4_U CjLlf^ 

( lljlc, ^j^ULU^ ^ t ‘ '‘J * 4jl 

U^^lj iiUjU'V’tJl SjLl'^Ij 4juijJI i^iU 

LLjI t4 <1 4,,xjftlr 

^1 i \ < t^jJl La 4 i <>^j| j^JLjj 

** 

4jaLur<^i La L-<«.t^l ^(» .^JLuaJt 4^^ 

^JLA _ U^\ 4 i}:t 1^. „ ^ti ) V (^jJl 



t^JL> 

.dj-AlIaJl a jut 1 ^ Kolb 



^jUb ^1 i ^oJLlI C< 


(C^jLc 


• •< • 1 






crJ^Ul ^^>^ u^ Ly^l 

4.-^j-^l jL a fc ^ Vl JjudIjJLaj ^jtjLa * ^j-4 p 

%* w 

4jA_d_iyiiJ J jl;><tt 3jjJ>.jJll 4 jLsb^VI c-a^ » "1i 

4jdjLu^i i 4 ^ 4 lir, >!ui::. Ski 4j| < jlSLILt 4jU9 t 

• %• 

(? 

^ «« 



^ ** 





jA-oiLj JJ>il j.jafcj>JI 1^ 4J? ^jL-a-xj fj\S 

yl£. ^ j *< C'. \ ..i,^,)j^ ^ ^ Mt r. j-se-j (j^ ^jA aJl^VI 4jt Ljuajtj 

«» ' 

Jjl 4jt cdJj iALH 84001 ^^Uli axjuVI oj ^ ur>tl pjjb Jd»->oj .^jIdjVI 

«* «« 1 

^ Lj-ik. Jlc. jL^^I U^ Cy' (i;>*:; 

w *• «% 

LjjjlII ojtj . ^ ^A1 ^LlJI 

4^ BjLULuiiVI ^lSLo]j (^)^^L^VI L^l Mj*i^Vt ^J ^LudVlj (^Lc 

^jJI 4—Ji^, /^ .Jt^ !| ^JL^I 4 J i^l—tduVl (j-jl rt -><11 ^^Jua-ujA 

dLj^o-i-aj i_$jlI1 stipulation procedure liuJi ^1>->-iU LS 4jj ^Luj^ 

^1 Lii^C,4ij ,j>jlj (j-Aj 4 UII '>iU i^jA (2^1 j iV rdl 1 tj 


^ jUl it» ^ ^ J* : ALH 84001 


^lu. (j^>lj i , 0 ^ J^ ^ ALH 84001 UJ^ 

•* «* 

^ jjb A . c(,Li^ CxdjuaJJ BjUI ^j_A 4ijL^ 

^ J 'T ^ i orthopyoxene Q ^,^ ji ^VI ^ja 4.^1^^^^j 3^ ■^, <^li 

4A 

- J * ‘* ^ ^JlJiJL>iJl t yi LlalloEja t.uJi ^jA 

ilt 

^jjo 4ludU (2^^^ ^ L^' t3j»3r. tr>!l < 4 ml 4u-LAi (Jf>^ ( nm > JLjuj 

«« 

CjLajLuaHJI ^jjo 3 j'> mil dJUk jj^Lj ^olajjl ^JUuo i^jVl 

tiLoi jrJtjMj ^-*Sd! * I JJL« l^jLa fjA ^.j->. 1-4-4 <2L4j.^j>JLl 

m 

3j-.V uali J-uafl ^_yJj j^I i^li liUmi i(^\ ^j-4 4J^ <jj_iLa ^ 0 

i(juL4.uJ) (Jj-^ 4J^ U3;^ J <4M4 ^>11 oJlA |4l^t4 (-<<1^4 4^1 JUuj *^^jijJLl 

^jdUjoVl ^ CrAi •4 jjlu lJiJ! j-5fcJ jjlojS/lj 3^^ mil C-c^-Lajj! 

*» 

(j-4 ^ * * * /^ 4jj-u lJiJI ^ T ^^jL-uJ V *4-U-tij4-t!uJ( 

Cxja^ JlIjO T *••*•/^ cJ^l? t^Lua-iJl 3^ V mil 4Ji,aj »" <nl 


|4.4J>JI (jA OjA JjV 3j Vml l 






jJL^ i h ALH 84001 Jlhf ^ 

.CjtJL_jjLj ^ «jjt tclil T' ^—ci. n nJjl m—m » AJ^..Ia 

- (^ ^ 5j^_*^JI J;rt-_^ (Jrt iwi j j< >rtti u*Jt^-lt 

. ^« Lu<U II 4J OjiJ i«*»^ 


^i_^a—IL-di^ ^ J ‘ ^^ cHj I dJU^ jLJjL^O g. li. 4 1 ♦ i t <. ^ J 

<Jjii “J^jjlj »La^I ALH 84001 <^j^l I iUjJ 4-ill^ I 
'i/1 .uu; Ua^f .-■ I n V a^ i>!iLc.1 i:^jjai oUl^l 

^_yA CjIj-Ij-o 1 ^jJi cliUjl 4 M H fIL j ^ jJL-u JUj 

dfcS^I ^_yA ^jj » ^ djjjLo-uJLl 4_t^j^J C, 

^j-u_4-*iJI l)^"^ Lr^ (jy^> J <t l ^ y ^t i 4_^^ t ** i t » i (^jJl 

^j! 2L5 _l 4:>- dJUJL>iJ ^2>^L4^ 4^LLa3jl JlLq Cxjuajul 

CjLjJJ^JSEJ 4JLl^1jIL4 U-SJLSj (j^ g.1 i>> All ^ 

.Cosmic rays 4jL.tiVl ^ 4 x.iij 











^ <tl ^ ^ <i r< 1 ^11 i 1^1 n ^Lji—iiVl CjV-jlj^^ ^jj 

(CjLjjjj^^ 3jl 1 r ^ ^ a i^\ rt tj 4 ._i_:^jLj^ 1 1 X it^ 


. f. J^ i ^\ 1 i—)^*< rt1 1 ^ t»<;»■ tiJ^^JtJJ i f>W' .*:uLljL>:}SJlj 

L«l ^ A-*’ A p ■ '■'^ i^\ 1 A. t a\^ e.[jSa^\ 4ju!uV1 

(JlLd C_d^LjL)j d A a\^\ Lo|^ t »i ^ 4 M rt-<.uJ 4.^JUlJLi ^ jL.>»Ji d / ,.l^ I 

^Lq. j w {3:1J3^I i—SI^^JlJI <■ rtltj ;^JlJ 1 edJj 

«• *» 

Laj A ^*1 ^ lA.j^ A!1 ^^\ Jl^JJ tjl L« <4 _^jSL!1 4 t, niVl 

^LUjJ bombardment cJu^a-jJI \jjt .4-^^! 4 a-JoVi (^)LflLU. 

4jl_ca^ dxjlj Ja_*-4J cr^ 4jpVl SOjJ-^ 

I— L7^^ ^l— a-^>Jl l^ s 4-^JL> 

4^!i 4__lj^SLII 4 n ^tVl 4_j ^tHU ^jlJl (J JL.t.I>i ^j.5t_jj 

i>Jufc 4 j ^^Ji;^LrLJ^ ^JjJr 4 (^jdl (JjutJLl l-(,^jl La-^ iSjljJL^ 

iVl L.^ . " i Ts (jyjJl jljLCrf ^jyul j t 4 iLiUjJ 4_:9e_i_Iuj 

J^JLJHJ 4-^j_^l jl.qe^Vl ^ 1^ i t JJLC LdJj-^J 44_^^^SU1 

c.4^J1j 1 (j^ ^1 rtli L<« ^ ^ J-^ SjlII 

U>^ ^1 ^u^lj 4^^l SbLuiVl o! 

«* 

(J^lj ^ jLLa^Vl Cx^«j (J^j dLjua_3 ^^jlll O^jJl JIjJLj>u 4-i .t^ij at! 

’ ^ ******** 

JLua Oi L)~^ CJ 4,t.iA.i^*L/a ^ i uij ^jLa i—dLu^iJ^i 0^ l}^ ^ ^ 

ALH 84001 j < li j^.‘y.,,.>iJ( (j\ LjjJLii’^l IA a j. ^ U i . i aj .L-i_>»j CjIjl> ^jI 

jij 4uluj cJJ I ) V L^jIj <4^jSL 3I iju!uVl jl U 2) A A, a ^ 0 J-5CJ 

* LiJj.^ ^a <^l 4 j^^J 4^^SL}| 4jLi!uVl t A i^cL 

.4«iJt^l 5ciLtb 4J^jJLl 4_^jj| oljJL^I JjJal ^>1 OM 

4jujI ^IjJaj-oV L^oId^^ju lLILLAj t4_u-y ^ 

j *<4JoL_cu^ ji a r.Vl ^4 < m 

^\ ^jlII 4j5jVj jijL£,? Cy^.*>>T) ^\ *radiometric dating w^^LjulVi 


^ ‘»i j ti * ^lj^L^I)) ^ a < <1 > 




^JlLa j-udLIjl 11 (jia.<-L! ^_yg.l n fatitVI ^JAjfcTJi 

M 

4 al«-tl Jj 1^1 rt-tl (> JL^ ot cb-^j • ALH 84001 (^3-fU 

•• 

Laj i4.4^^._jjLJi jL:t:>.Vl Cul ^jja : JiLa LLuxdJl 4_<-uljJ LLd^. t4-UAxJl 

SL^Lii^oj L-djjuJi (^yz a~ 1 (jl 4 j \ 






^* ^Lua^i 4 in •*- <v\11 <■ ^ i^* t I i 

ijU. ^j) ^ 1»1 ^c^-2lIu I.jll^Lqj iljLi->> l">^ . .ij'\ J_3 4 a j,rt..j>»Ji ^Ju^ 

^ji£. iaj^\ a'j^ ^ JL^ ^TtWt a (jylxaJ oi'^\ 

^ •* 

. »L^mJl ^jLUkj ^1 jJj lyi 4_ajL^ 1 (Ji}L)l£l^itJi 

LoJu£, ‘■OjJ^ (Jj rt4 : JLd^l (iLSjJ j ^^ 4 4ji i nit ^ I fiTi 

cr^ L>^ 0>^ CT^ f^UlfcJi !jj 

«* 

jl r ^1-^ t»l <a Mill jJji_-iJlj t~<ln t.,A JL^ ^J(2u_u 

*4—3^L.a cosmos ^L^jJI jjLj ^ . ..jt! £jj|^ rtlt ^j_o|jJ| 

ULc Cx^ y^UI ijujVl j_uaU*JI ^ 4^ LjJi itj iquinteSwSence ((^^)) j! 

** 

^jl Lj-UL-uaJl £^)-«-j3 iiJ1}aS yja^\ Ijij .(lUlIj iUjljJlllj tf.\y^\^ 

«• 

mixtures 4^^^I ya j) ^j-4 ^^SLo 4^1.a_t.iJI jljJLl 

itjdJj ^LuaVljJ .4.jjuaj^l jjjar i^llj 4,^j.i.J<.t ^JCp i^j^LtJLlj JJ ^ <>^tl 

«« 

« S 1 ^ lS'^^>Li ^1 (JJJ ^Lc-i-uJi ya cilij ^^ . i." L 

^jL_i. ya —utfsl "i 41 y^ Halley juj—4jl (jl—^ 

JboILtdul ^jl Cr^J 1 (3iia-> (jr^^ ^1 

I Li^if?i iAjluu V'A l)^ C)~^ i j 1 «<1 1 1— c-ajjJL 4_i_i-uI^j Cy^ ^ S ‘ “ 

l^l'^ <tt ^jy^l t shooting stars c_A^.tuJi ^^j-oLj 4^j^^jtXl cdjl—^i CjijLALfu^o ^J-tigeTu 

•• ' 

(CjLIa^^<iJLl ^Jlj^ Cy^3 * tl.>< li fya ;J^ ^ a ^ 

*« 

4 4 <1 rt < C.«-S^i *4 »ir»l mil tiJ^L-jjJi ^jl LT^i 43 Lj1 t <> 'v Cj^L-uuf 

•« «* 

^JLjjoI 5jL£. 1 ^"iCyt-u jjl (ya JLjV CjI^ u,tr 1 ^ JuljU 

(jl [.. u^ i lr> ^ 'f") aJijL^l aJJt C-uL^ t^Lb ^1 a I,.. «tl tj .4_-tjL!iJI 

((CjIjJlLJ ae-lJI ya jJ-5»_ij)) C-JSLJaJ LcJj a! ... ^Vl lLUj 

4^^Loj Cr^J jlsLua 

^^1^ ^jyIt- > - iJ-J^l (jyi^ 4-ILj_Uaj^ 1 *-^ frLjoljtil 


\Yir ^ ^^Jja 4JL^Jo Cj Ij r > » JLXJ 




V 1^1^ 1 Cj L l ^ h i i .i^ u i i \ V ^ ^jja -«^< *11^ 1^^ 1 

ujjJL^l Agen £>^T aJilj 4 j^^-2^ Ct^ t Mill a A. i A 


jLLai ^ j^Lfji 





,.Jfcl-,t^ 




ciiJ j JLJU^ • 1 i II <li 







jf 

Laj^ 'y^ aS->‘ i<L i 4; W ! l Cj^i Cx-i—uojj t3>jjl ^U 

' «• «• 

Lul /.ji^ < iiW /wQ Ull ^ a /.Jl}| ^0 V I^tlj 4 u U 


3^^ ^ StlitZ i iM Jlj I ^a<lJ! ^ 1 ^ ) 4„tiUiuII JLJ)nJ i a 

0 jJh jJiijo ^jl ^j)S.tJll ilj-A LjjLaj ^jy^)) 4 ^_yJLXj.^l ^^LjJIj ^Lc. 

4Jr^lift CjI^^Jl4xj i-ii <t.4^ i(Jl->> *((CJ^JL.>Ji 4 XcIL%_4 cIjLjISL>J1 

Cjj_juaJl (j-4i-4xiJ_woj j-3 j-Aj 4Chlandi 4jixxujji 

’ «• «* 

jljIj 44-_j^j-^ 1 jLst^Vlj c-x^-^L 4 _aLliJL! i^jja cjLH 4.1ai>o 4acoustics 

jl—:fc_>-Vl LiUj 4^jl3jVl ^jLjV (j—a L^__LudI (JJ—^ <L-j ^J—^ 

ljl-4*i 1411 JL^ CjLjLjl^ 4j! Ly^J * JljJl>JLj 4 j i iJI 4_a£j^.^l 

.4^^^«uJI jLst^^l ^JJU^I (jo 4^.1i'»{ ;^^^-4-4j rt*i ^ L^l Vj 41 j< 

Cy^ j-ji-c, j-j^ i I bj 4(j-43-Il ^ ^ -g- (j>» J— 

L)J ^ -a itH 3j-^ Ji^^ia-4-Jl ^Ij 4 ^ A* V 4 4 IJ J 

4jOoLk ^j£. Jjt^U (J-iJ^ 4 C.l5\,x7<S>L)J^ ^VjJ (jjilxxj aJjJUS AL4-4i.:K I ^ « i-* 




^jL^Llj ii ^J^u^ - 4jl^L:^ ^Utw^-pJl JLju^-uI u-ul i aiC 

jijJll (j _4 >L:i^ 4 Kingsley 4 > j ^ 4 Silliman 

j^a3_5. Lj>Sj jJlj J^j Ojj i^! LaI j-vl (jjj ^Ij IU^ 

4^,^4 4^j J 4 4_ixa^ 

*• 

laj J_jL>. o«JJjJI i. t i^l.A ij)l»,xu (j^4^ ^^JUJI f- JLx 43 t p I Jl>. t 

(j^ (jojl (jl (^JLxxaj (jl 4_tijVl (j^)) 4^1 (j_4 4X4 3 jl^L^ 

4.^ (j| ^JLjLXXJ (jl (j£. 4C t !l (jyJb I 4j.,4lJ (jt ^ )(j^, J^Lj^^- 4 V i SJLjLjxj^I 

« (( ^ I 4 4 <4.11 (jxQ O < 1 ol.lA ^ 

lLILL^ (jl^ 4(j|jjlxxij 3JLL (jyb jbcjx^l 1 ^,^4 Cxb^LlXiJ (jyldt S^*< rtli pLul 

«•■ «• 

J jr - * ^ ^ 0>^>" J-X^ 


Ij^JLitUxjgl JL4j 4(3^^I (33^ 4 4iii~ gr 4 bljj Ju^ cfJjL^ \ LidJCblUllC^i <—><J 

^ LiljbjiJI t d g;I (jl jL^ld^ triangulation cijLxiitJLl coLxxx^ pi * > q “1 ^ 

^kjL4^ t ^ ^ ^^ (33 ^ ci^ ‘ ^^^ 1^ ‘ '* ^ * 4 4 1 t ,t A 

3j 3 <rfaj ^^Lxxj JJL^^ 4^1* *4 11 

(Jlj 4 I ^L^jl (jyb JLALxXIJ (jyliJI pLiJU-ZwVl (jl ^1 “< <"i .4 411 ^CJUUol 441^3 ’>’\a 

^cJsaxxi V 3 ^ 4 x 33 4LoI^ (^ 3 -^il 4 -^^L_iJ1 


<4L'Aigle cLijjuo ^Q-t-uL>. ojL>. jls^ ♦^J,2-jlU 

jJoLoi LflJi£: i)A^X Jj;j! jl—UjJi 

4_ajJL>- ciJj 1—j < 11 l_dVT t A\-^ i iA ^^Jl^julc, l— tijl ^i^jI Lj>V,-r> a t4..iJsLuo 

(JoLidu^t ">» <>iiijL^>iJI Ijla <!t ^Luli-jjl »^‘^j) ^ < iiJi 

4_Lx)La ljLae-"Kt V i jLfcjvVl CjJLj !l 

< ^Lo-t-uJI 


j ^ ^ ^ AW ^ t <; ^ -lm.C. cLJIlILJI 

^^LSj jlS^ : ^La jL/j L<>j:!tLjv Leonid meteor shower c/J^I 

(-LUj ^ L>^ ^d3J 5jL..iar..xJLi cljijVjil 

«* 

uLiji jiil LilLdil ^^1 L« juJJLl 

CI 3 M.IJ J. jg ^ ^ dj 1 ^ (Ml!I * j ^ I 1 ^ 1 ^ ( 4 ,^.i .4 *> ^ ^ * 

•>d^ J>« IjL^l 

^^.juajl 4 xuJi <"*1^ I A .j nI jl ^ 'vVl ^LcLkJt (ji 

J t^ IjJX. L AiJj LiljL^La . L^JLmj 4_i^^.jJ(Jl Cj^LljJi iljjJj>‘ t. <.l <n 

3jl ^cif h <.^jL^I L^L^ ^LqJuuII 1 ^ tS^.jV♦ 4^11 ^Liju^^I 

^ 4_^L^ oljl ^.u ^qjd <^lJI imeteoroids 

«* 

jl ,^.t ^3 lH (j-ijl Ijlj *5jLj_i-xJl cdjLuJi swarms acjl v-i-oI» 


3^ ^ VL^l t I LT^l ^ U.ii/ftLj > i jL I ^^Ll^ljUu! <LlLiL^^^.juU (ji3 

•* •* 

LiIaJI CjI. 3. tl>j jt j < uJl udj-alU 4-^^. auJ i ^LaJI aLL^jVI .4-^Llljt 
jl, t «i a jL« TtjVI 1^3 .<,<1*1 V cliljLtJLB :4ijL& 3jj| 1/^1 ^ jg ‘ * 4jr^i 


\!x^ ram force 4-<^lSljl 3j_3JI Jjl 3 i alai. ^ i<L<oL>al ^.c-^o ^ tjL j *iJi 
U^ Lpaj^l c^l ^1 < A 3ll jiji^ ^^.5^ Jux. 4 i dljJL.%^ «^C-ui->Jl 

^IJjI II i i -uj Jr^ t C7~^-? - f L>» A 4jj 3 tM 

^Lulj 4-iji jurt 3JI ■ L^>UJI .UiLiJiil 

' «« 

.Jdju Uil cr^! eg^ ..^"-.11 IOA^lj Jjt3^ 

<3jLi_4-uJ 1 tiJjLj-Lll Lol »4-^Lidl ml-aii 4)) (Ji_p<sl 2* ,'^\ • i t*t CjLc.^^-mij 

i^cySLteJli! 4 4.1s lU 3jj[^)->0 tillj CjLiZ.j.ujLi J 3 *< *u (jr^ 

' •• •• 

4 J 4 L /tl LjL<^<4,i IA J .^Ljl-^JJI 4.^jjJ ^ ^ < «*> ^ jg ^ (jiJtixJ 

*» 

tmeteor j! shooting star ^\ L.^jir. i4J^j-5eJllt 





L^l Jk .Lall 

«* 

^ ^ >LljU3^ I ^jLxjC 4JjJla1! 4^^L jjl ^1\ frI^.A^V! IjLjUlj 4-j^Llo 

g. 

^jA iJLj-joVI i^jA cjI^ mi c ^ i^ \ (j,-Lc, ipebble SLjua^ 

■ Uj^J O^J J^' Sjlj^l 

f^jA CT^ i^-u^ JJLC, (^^JLc. 4^j.,juj| 

** 

dJL^ Jl—.>» I jtjL^ ^ r AJ L^JLlC (^L..>JI ^JLA ciJjl J 

*• 

.cL!jI_uJ1 j^jA ^..u I ^ JJi_c. ^1 LuSLq \ i^Ju-u 




I ^L_^l i^jA jJ-jlflil BjlaI, uiA Lll ^Lu t4J_i_ii dil^^l j^jA 

i(”^)Quadrantids cjll-^-jV^i *4^L^ cj^LI^j 

t^ <1 If^ < >if. t ^ T L^1 jl4 ^Llj^ t(^)Pcrs6ids i^^Ljj V (^»<^ 

^ j I u r, ^jjuA i J1 J>3^ La1jl-« jJLp cf^^i i(^)Leonids cjIjl-j-^VIj 

dIla jJ^ Cr^! ^JL^ g.L.4-<^ I ^^UljuuJ^ «^ j 4 

4^ (^jJi dLs^jVl jl^-Iuij < L^-Lq » faiij (jJjL^i 

•*> «* 

JL^I ^jo C< tI o( 3^^ «^ji J .<-uJ) ciJjL-uJi ^ * .t-g-dlj 

12>jL^mJi ijJjL^Lj t4.jU^L>> 4 rt ) <4 j ir. 41^.4 ) JlIc. c^l^^.XduVi 
. ^ AW ^Lc. JLj-u/^I CjJL^ L4^ 4*<J IjLtJu^ ^JjLJt 

(.lljLdJa ^1 4JSLcj — 4jjL£. t 1 lxL>Luj LjI^ iTo ^1 


_ C^ tiijuLudI ^j-ujJu (jlj taSLiUli I jl— 4» I tij i DJ. wi t 

V * ^L^j( i5jL>-lj Lr^ ^ ^ ^ Cy^ 1..<u<j 

iCjj|^_3 c.jij^^_:^l 4_j_>- 3-^ ^ t »..:^1 1 JlA ^“^e-rw. (jL^ ^>Lx-4 0 * 

trail ; ,a 1 ‘^J ^In < gji <"11 I^\ i<(4^lj 4<^4 j .<„<,i.j9 

i 1 ^^ i_9^1jtJl 4 JJL^^ 3 -^ L)^ ^4-uju:^ 141^4 

S^m (J^J ^ * * ^1 ii«^jl \a\ t iiJL 4.^LLajjl JU^, Lr^l 

^Lc CjSLpSLj^£^ c^j-jua ^^jJl ^^-:sc.j>Jl JL>J! C*jL^ Lo^ cr^l 

jJI <^3-^1 Cy^ ^ A ^ V 

«ft «* ** f 

^Lk>. ^ ijUkVl CJL 4-4 (jr^J -O^jXi 4-ik: >1 *j 

(>» jjal cjIL)^ 2 jj-u£> ^ Lid>^ imeteorite debris 4 ^ 3 ^! jL«.Vl 

ciJLLdbj .3JLj>>tj 4 


4_i_^3'Jjl]! jke_>>Vi ^jL& aJLjJLua 
. L^k>.^k ^Lj 1 i ^4 I <ij 


f- 



» •• •• 


^ til t^jJ^^-juULlI oIjI Jjj ^j-uIjJI ^^3 

jl ^ i>»S?i OJJb 1 .4_jj^j._uJl jLat^Vl L-flt jxi-lSt^i 4 _^LjJ1 Jjj j tjj 

«» 

^_yic. 4^j.^tLo Sj^^juaj (-JjJlLstJ V' LujuLu! 

** 

C<rti~i I u ^jjLftiLj A-uill Ij\ jLp£.LjJ .^jJ-ai,! ^yi c^lxll 

L-fll—tn’i ^1 Ij\ CjlU jL^-d t4-iJ^jLll J ^ o) j JJ V ii (JjL-^ L^ itl 

.4jjjfcjuajl Qja (_J^-^5 (j-iLftllj 4 jJL*\I 

lyA 1 <1 V <X ^Sj-e ‘ j^Lc Jstj 

•* ' «• 

planetariom 2L^1 \u^^jjt-A JIJj V 

«• «• 

l5>^ ijAjrii J-f^ ‘Lilo ^■'1 jA^ ^1I( . jJjU 

BjUu 4uui tloi Jl->-1^ ^ ysy:>~ >t\\ 4-aic. 

LjqI >4-^ “i (^jJI 4 t <i <1*1 ^ISJli ijyj& I j oUt ,4 -La t rt.jurti ^ i oj 

^ ^ 1 11 4._i£LLa!l Cj^ ^11-3 c-< < 41 jl.4!t 3^ 4_i^^^_j_(il ^L^b^VI 

J111 jL^^Vl ^jjt (JiLo L^ ijyt^jju jLatJxVl Cjlj^Lc,b 

SL4J>b^ (1>^ L>^ .4jj.AAja jL*-tul JjLojO 


^jXU U^mJI jImV t |glkS jf 

i4^1All ijyj& 3juJLC (Jl^t 4-C.j-tJiU ^_p3jVlj LaJu^: 

^LjlII >:HL11I (j\ ^jJI ^^yl£. i (J-A LIK Oi^ U^ (>® 

^3^1 (^jJl (^3^1 J^3 cr^ 

•• 

(>L^ (^! UjJaS J.^ tPJIj . 4 jVj 5j_!^_^t Meteor Crater 

•• «» 

^ 4jt 3-4JL>Jli (3^ (4 Jluj cJij t 0 * j ^s fc j JiLa LjQ JlIc t 

1 ^ j-4 ^jj-tu-uu IjjL^ ^jjJlII (jLi,» )j ^ 

*• 

IJlA ^ojar ^ ^3? ^e^jJll »4. j j <:v Vl (3^‘*^'^^J CjLVjJI (^J^\ 4 ^tlc 

Ajjj ->3:^ (((.LaSJa)) (^ )j t t i l l J_2h.l (jy^ *-^^3:^ ^ ^a-:^! 

t\j 'ot \ A j-juAJ jf ^1 JlLao^VI JU£. 4 >lr. 1 (3! ^1 ‘3^ ^ ^ * LT^ 1^ 

LH® Lt^ 4_3jL<^1 jj.AjJl fJ\jloj . L^JljwI 4^1£j-J 1 4jkj_ii]l cIaM 

M 

f^j£. t ^ .>f > JUL^ L7^ J^ 4^1 mi a LoLuxJ^t (3^ 



^LLaujl j^Lj (JjjtJuJ *(3^-14^! 3-* <-SVVI C)ij Ml C. i^ysLXJ 








^ ^ ^ 


oLu 4 


iJ JLx 




^ - ( asteroids »rjLS:^l j^‘\ Lai . s^| a 

SjLfl 4 a^ 5 ^ A comets cjLjjjJII jl 3».1 jt ^ -». ^ 

«4 '^y * « 

^ jZi ^ U -^4^' (>» 

«• 

JjLa lJiJj Aiijl_L 2 wl 1 ^iJjLoJli ^<ijt.j>Jl cjI j CjL^Lj^SLIi Suslik 

dJJj iJL^f aj, M l r ^< < 17 - LoJU^^ 

jl (^jj_j_uu-^ ijLjt_JI j-^L ^ji Jijj Ijlj .^jVl ^1 

cjlx.j-i-aj Lbjl < >1A LLijj>J,l <?Lf >3 i^jjh 4 > t*v o (JLj-^I (j L>> IA ^1 c-tjjJLl 

;^Jl-:^L 4 » 43 LLaJjl JLLc JliJLJtJ IX L^Llu^ <>j-jjG tiJUIiJ 4 ^^^-uu 

4 -ct- "i ^ A si i^tl ^.,t.u_:^ j j A ^ j < >. i^2^ilJL>Jl 1^1 adjIjLnJI 

' •• •* 

♦ lLILlA ^L^_jjVl GjJl^ llil (I_uaj| CjL^j-j^JLI “(^^_:^i i— • t l A ^Ll-oI 

•• •• •• 

4 rtlaJ . l I SjIx.'^ j£a_jj>Jll jl L_ 3 ^LiJI L^JjjJGj-aoxuj j_^L 5 jJ 1 

4 _^jJI JJ ) ^ < ^U ^La 4 . j ^ (j|-^ A 1 ^ ^JLiXl ^ < <1 -^,11 

4 -*^jlLo a 3 j ^^ ^! i ^ J r i A Ai AI 4 ^'v ^ J^*i it i 1^ ~ tigrit 

jJlG CjLcLojjI 1 o t. A.! i u> j .^LXajj'^l ^ * 

c ^jl***i La- 3 EJv. CjI <.« >Ji ^^JlLi-iiS ajJL^VI djGja jl 

«* 

jLlJl 1 ^1 I^ii»_>o^XJl 5 jL>Ji dsLj-uia-^Jl i^jjh S i>» A ^ < 

cijLja—j-i-iLj^l L^l . 7 e_La_ 4 _AjJj L^^LLjI djGLc 

** «« 

^ i* > i 1 1 1 ^1 ^2^^_aJll (j-<J—S Lt^ I 

J^JtJ iblack soot Ji^-aaoI ^1 V,«.(aJ t—fl^XjLll 4 -jXaJua 

‘ ^ ^ DJUJL-C djl^^-L4U4^ ^1 \ q ^ t d 1 a 1 ^ t^i \ ^{ I it 


L^^^UiJLJL^J) i _) 




c 


(^jiJj ^1 (2 >^Lqj kiJJj^ *cLi-l>iJLI 4jt2j ^JjL-^ Lq-^ iCjLq.x^ 

*• 

f ij) ^ tl ^ M ^^XaJ Jl^ rt t 4JLal£Lj L..^L^^£L!j 


M 


JuJlGu L^\ 0^ IJL-^ « Lj-jie^Ju 4 < ti ii > ‘ ^ < > 

if- ** %% • 

^7ij t > 4JLjLijl CjIjuI^I lLLL ^LuILa-ajG A4^L:»Kji CjLuI^JI SLl^ 

*• «* M 

l):J-^ (3'***.^ 4j^^Jt-t-iajI 3j)^ <7iti ^7ij«1 CjI lnj->Jll 3^-^^ 

*« *• 

‘JW-^^ 3 -^ 5 -^ 3 ^ aCjL£ijV| ^j_/3 ‘■^J 

^1 iii^Vi ^3cJ 4 jvjJL) ^:Luaiiil ^ jJ tCjjL:tJ 3 ! ( 3 ^ L» jUliy ^ ^ a 

iS^ *cjVL.>J1 ^^bs*tl 4 .j_31jl! 1 ALLajjVl 4^1 _^»aai 

•* ** ' 







impact theory ^LLajjVI ^ o-a- < J>Lit^ 

4Jj_i-o (J 1 fl ^ 4_C<-4 \ diLaLo-C. ^ ^ tlu^ ^ j < <i 

*« 

4-l^< <1*11 LcJ jj uiT i4J^ ^^^_ii>a 

fossil records tl ^ 

%i% 

1 4 4_jLq_C. *-a oJuaj^ Jl^ cL_lS_>JI JlA ^1 

(—diLl>o ^-uaj 4 _j:>J 1 ^Ijj^i ^L4^ 4 j ^1 < Mj V 

4 ♦ lLLI J I^jji I CjV JljLj 4J JL^ dL! J o' J-<1-1^' o^J 

'XO Jll 4 dtjJL>. Lgj^I ^ jVl CjLuLSLII 

«• M *• 

4JL.uJL.AjJl 4_4i.d djiu_>.l j dinosaurs loLLajLlI ^.j^ 4 ">- j4jLj-u j \ 4 

^ Lla^Luuf ij[£ i>jw ^ l^lLlm oi-d-^ cr^ ^^43^ chain 4^1 jJiJl 

♦ grubs ^JjjJl CjL^^^-jJIj CjI^-ui "^Jl ^jjLLajuaj ('^) ^LjjJLj 4 ^ ^ > mi 11 CjL_uJLjJ1 

Cr^ u^ oju-f^ i‘j^^ Cy^ cr^! 'j^i) 

4.,ji4 C ^1 da.>.^fj ^1 1 ' 4 * /a 1 1 >^tl V J di 1 jj_juaL jU jJ 1 

»« 

♦ ^^JuJi^ail dl^^jualjjJ lILj tjj4 jJTjSv i4 Lq-^^I 

i^j\^ doLpjl JljJl>u j^jj^ ^^yTirw (^ g-l 4!^ 

*« ’ 

o^ t(JL>- (^1 ♦ 4 (J1) jjj-aLo *^0 d) 1 j^_4o Lu jl! I f-LiJaj ^_JjL^ 1 AllajjVl 

^ ’ 

^ J >1^1 ^jt ^L*J1 ^LsbljI 4.*^ djJL:Kj ^jVI j^^jJLojJl ^LLxiJI 

u-d^l —*J1 4jjL^ 1 ** ^1 ^ ^^^jVLj ^j!r> </•>! (^jJl 

d)VL->- i^^__JujjJ ^jjjLH ^ Li *_4 ^JLSl Ju£ ( I JJL_:t_4 dp jt (—i-u I dl LLA 

1_4| . Lj 1 ^^.SL (JjLa j^LLajjl ^ iVl 1 jufc oLi 4 ^1 ^_p3l^^-_SjVl 

4_Ltuj oj) .jl 4 T * JuLj diJdJ>. (jyjJl ^_y^l 4 '^l Sj^^I dj'^Lja- 


IV 4 <o\.< t.jJl 2 >^._l^VI tj-U^LJLl diLLo ^.juaj \ qj ^ l^ »J LaJ^_^..iU 

• LaLo-i 4-jalA^4 (_il I Lu t jl — ^LLajjVl 4_4_u.ij o^ d<.^r<j L)5^ 

4Ujjjj L 4 C. 4j>.Lua^ dlJJL5tIb djjjjo^LijjJl ^_p3lj-Sjl ^Us <^1 

*% 

i 1^ 11 ^<41 >» 1^ • JL-lju I i O ^ V L) ^ L4-4.(4 ! 1 4 _Lxj L^ 1 ^ Lj%_a» V1 

O^ L.4^ t^4-ae_>Jl oj jJi 4«^H dlJj ^j_4 SjJlJ 44 V /♦Wll <Lj^^^-juJ 1 jL:fc- > » VI ol-^ 

tdiLiSLj^SdLj l^ILt^j-uJ 1 ^.t-4 ^2>SL4J 4 j>.jJl! L4.j:aejv ^La-ujvVI 

* ~s_j>^Vl dLL 4 4 .V 4Ju_^ Lt"^ ua_>iJI IL-ijI ^ 


, 4 In 4 ojJLq ^Lat^i djl J 4_^j.jj jL3t_>.l Cj-aL-dI LLlLlIs *4^1-4. 


J-M 






6 l^ ^ 


jImUI ^1 3JiU« 

jj ^ oLl-d jJljI 4-,^t.5(^ jiJi jL.iy >.Vi ^ 

L,>Ji^^^Jllt I^j£. 4ioj..3fcJ>a Cj^JUXi S iljDjL^iiJ i^^LjL.4_l^l 

*• ^ 

^-(-^f 4-jJ^_uJi jLjfc_3«.^l ^jL-^ jj) '> jua.JI c xir,^ 

5juL_J 1 degradation 4 j;ji1I1j (^^) ^j^^selU 4^^ 

4,j^^ ji,!i jLj>e.^V 1 ^j-C, (jl 1 3 j 3 ^IjLaj . 1 i I Lr^ 

JL>-1 ^ j j 1^ 'i t ^( V 4-1 1 4.^ {jr^3 4£LL^JL(xl^j 4—uLdUd 4 r. 

m 

3^ 1^ 31 i 3J-£.L_^ i,L:i3, ,.^ J- > >ij (jL^ .(J^l_^ 4ii^ XV ^ 

^jLi.ug> ij-a-1 liJLlLaiDl <-d^p3 4 <tji i utl 

«* 

.Antarctic ^ >U3!i 


0^J^\ 


i,\> 

JL-- 

J:H 

1 . 

W5LJSjlIj1 C 

» X 


j>4 

ajV 


i**! t t ^ t % 

2^ 




JL- 

^3UIj 


(J1 I ^ ^ 

Jlx^l (j.lwAtl 

/^^LJIdJU 


(3>“ 

Kr*^jLul 


jVl 


jJji^^ 5L4 ^ • I^LaJlSjUjI 4j «n j\pl jL>k>^VI j gUl 

j-4 4 jj-d-A ij^>i-Ji ^Li tSjLdJI ciUj J-SjH (McMurdo Station 

j^jl-cL^I j*LSj j -*5 lAllan Hills J--U^ jVi J!iUu jL^^Vl Jj-o-j- 


') O^^Lj) Reckling Moraine ^^a-jJL^I ^ ; 1^ j; (Elephant Moraine 


.(Meteoritical Society 






CjLiVjJI I II a ^ a t^^ 4 j. tVi rt 11 4JlL^ 

^^L;ti:w ^j i^jja 4.^LfcduLi-ul Qj$)Su i(y\JLijhi\^ ^_y-)L»rJl 4^LA!I 3jL3cJjJLt 

*• 

4 j t j I iijJj Cj\ Triln - ^ ‘ “^ 4 t 4ijJl 3jL-3jl a t ^ ... 

4* 

—■• W i>-\ 3^1 I r 4 ufl<>JI 3 1 it^ 3tl 3 »1 3 !1 /^i^ji 4 /*)Ld iPcrcipits^tion 


—^Jr 3j 1 I r 4-^jI:>JI 4 j it^ 3tl 3jL.3Jt _4 iPcrcipits^tion 

3jL3il ^ 3 [T\ ilSLp^jllul 3 jL3j t.L^.j.>ill JLajj.uLJI ^LuILujLj 

i^\ ^\£* J «j In,< u»ij 4—^jj—4^j 3 <^l >ti ^J L 4-4 t < ■ » JLul^iJI 

** 

J-3 Sjij^l CjL>.jJJ 0? Jq^Lu.U. 1 1! jU lJL>^ 

«* 

Jg^i ^ Ll^J ^ ^LjI -li4/yaii 4 3^ ^ 

Ij •jjlo i ^ i Ju-A.:^ \.J^ i^LjLuJI fjyj& CxjL^j.^^ ^ ^ 


4.^iJ^ j<ti jL:%_>>VI ^4,AiX3 i,i>X 4_xj.u.IIL j 41 <>» 3t,i IS1 jJ1£jL3jI 4 3*>4j 


kij i JL_il>JI O-^ I t >t^3H 3jjLfkJI 3^ j jj^~P ' 

*4 44 

iiiunataks (' ^)(( 4 .j lll.i ^4 3!1)) ^4 <m3 ^j ^-_*_4 ul>L*_ 3 jj_ 4 j ^4 4 

j ^ »11 ^Lz^Ij ^ ^ ^ LajIjl^c^I ^LuI 4.-CteJlLll 4 3 tl^tl 


^L^ji (4 -a_j%JcJI <l 3—x^Jj j^.%—^1 ^jj6 4-jj^^^l cjLL^ilij 4._oci!iJLi ^4 3H 

JL_iL^I)) f^j-A tj—•se. j!i 3*5^ Ljfcj-stJ jl '\ 

jAb 1 JlLcIij . Jui^l > 4J-ual jIL 4 3jjjuaj 4jj^l ^j-3j 

4_^|jja 3-^^*^ oJJb 3jl3^^ j 1 3j) 6 ‘ ** 
3:i£^j 4 ^j-I^ 4_oeJ!Ll>i ^ ^ 3tl 3j^ 4J i^i^ti 4 3 . t«%tt 4.x_ila^l 4^jx>JI jj 

j-4 Lfcj^fcj j! 3 jJlaJ 1 j^ljJLl ^1 SLaLAVL .spatially 4^j_^l jL^Vl 
jlj^T j^L3->. t^j) <, jlr^nU 3 jjLxJ1 JLjjjJI 3 ® 4.jjj- 3J| jj 3^ti lLUj 

44 

Queen Maud ju^ jij_4 *3jL3Jl j>4 j^^l l^L^I 3L)j^^ ..ii^i^il 

44 •« 

^jx>.Vl V 4-j_3lj_^j»iIaJl 34^j-*-^^ J ^ tLand 

. I ui^n u >11 

«* 

^ fl c*^-jj| 1^ ill ^^L!ii1 

UL>. CjI m b!I ojJt 3 ® l)^ ’C7^3^ j T t—3^T 3 j i^i c. 

44 

4^1 Ml 3^1 4Juaj ^l J j <^ij ^j 4 _i1j 4_ajj| ^1 JL>.|j j-4 

j.gfc->Jl t JLiil J;!.^ (_:r^ . j-Ojm ^ ^j-^i j.Jfcx>Ji vAhj 

44 44 

^ ^ ^A■^ ^ MAC 86002 



^ja}\ 5Lp oc itftjajJI 



1 ^ Y88141 iMacalpine Hills u^l^La a-olalo 

«* 

(j±^ (jy^ Yamato jjLqL J1 ^ cJulJjSJllj ^ ^AA ^LjlI ^ i) 

^ ^ Jf ^ 

C-Jj^ \-A L^VI <CLui < rt i J-jV 

ijM ur^ ALH >»>I1 lA)^ 

3l xjuJIIj u ii.LI B^LjlII JLjuijJI aJL^uL-u fspur^ o^j 

** ** 

(__^iJL_iL>Jl - 4__j_-C.^^_-£ j^^ioLjUS (J-^ ijLA ♦^i J A 

Cjj^j Jl£IJ ^J-Jijlj <« U . ..jVl ^j^Jtilj ^j-Jl!Ij t^..A.*i-^jJI 

«• *• «* *• 

) ^V~V (jV A 4_Sl:i_L<s 4_t,1 Ai^ tV1 cIjLj_*_-pl 

«* «* 

cjI j),ii,,.iitt (jy^j t^.ijA 4 ■rt,l^<<vj ^_;y-4ai_ujJ 1 jl-j-L^I jJ.S_^>J 1 ‘ ^ ^VAj 

M» ** 

cAj ji>JI ^jla fc.r<• < uj^ t4 a>.^>LH 

•* 

cla-L^jVl ;^J._lL^i J.S_J>J1 

4j| ^Jjv 3^3 *‘J‘ L*^ 4 rtlra-t i 

*• 

♦ A ^j3La ijy^ j^SJl 

♦ * ^ ' 

<(JUJI >» ;^jJI >^l Jjty <ALH 84001 (^j^l >^*^' ijM 

^j A ^La J-3tJ Jljlj t^.lj A <A ^U/A \ ^ ^_^jJiJl ^^JlJL^I (J.3.j>J 

«« «• 

^ « .U^!t 5 jLSJ 1 tJt tjjj^-oSLo 4jajt-d 6- 

«* •••*«• 



I , ;,.=:.-,< l A j^Lc. 


Score 

•* 

JiLxs ^ ^ r <-aj .4_j_^J.4l!l jL^ljwVI ^ 4_JU-t_0i ^^yA 3 

JL^_?eJLi ^ ‘~ * Vi 1—^ L^ 1 rt IMt**1^ A ^1 ^JlA y-yL-XJi i^L> ^li ^ rtl < n *i.,.4 

«* ** 

3I^JLi ^^1 ^J-ua_<ail <.- <-<-u.I*4 i4_LoL>JI I—AjLci^_£ L^ 4> ^ ^^ L)i 

• ^Jj^-iiJl g.lj>^r, I dJLo^^l 

«• 

4_i_j-La^l 4^^ j-Ji jLst^Vl 4_«ajljJ i<J^4 CjI^-Ll^I ^^JA 5 j, ^- <^ 1 

juLo ^iLua-iU ^j_i_ujj^ (jy^ jL::aEJ>.Vl dJLA J-4 -Aj <r4U> JLa3 : 4_ijja:^ 

CxjLIL^I^ iCj.j^^)-jjj aJjjL-a jj^i,<.« cjjJ^ * ^ ^VA 

** ’ 

^Vj 4 jl^L:^ ^ 4a_*_/3UJl i *<» “ r i < ^ pi ^ ^ 

«« 

: 1 ^ 1 j ^ edJj ^^Jujj .^jajijl:^l 4JjJL-fl cASJIjIj 4_*_4L^1 Cu^jJlS 




CjJlc, ^ < i K^l <- SjLj-c, 5jLC.Lt-u-4^ ajJiJil CjIa-c.)) 

.((^LL_oI 4 I j ilr> UCLA (jr^ t.^ ^ 

A (jy^ ^ ~it <d A CjIj^. ,il U JL _>.1 JI 

1 ^ **tt 4 j< ^ 1 1 i ^ 4ljLAl t-''\j^ j gL Lo ^jLcj—LdO^ tgeology 
jL^Vl j£j^ ^ crl^ >- '' “^» = J>^j • 

4 *< t II 3jlL lL)L1j& CxXiLj a _ MalLuj a_ulb 4 Jl)JLcj 4— u ti 4 i 4-jl^> uJi 


;SjUJL ;w 4^^J i d. c.* Idlul i \ LoLc 

' ** 

Crary j. i " ^ ^4-^j^.^JI 4 ^ iLr^SJi SjLSJl t.idL^u^i 

** ^ 

Cy^ jjl)-:^ u^-^1 ^LjlII ^j 4 i iLaboratory 

■ A V rt <a j^_j_IL.it_A JL_»^ <a ^ ^11 j ^ <j i-wti ^ . L ^tl 

•* 

c-tla-SJI cJij-uaJl (_aJ^l L^lSLi^ JJ c. JL^ 

^ «• 

^LUI yc. Ljj^» : ^illj jo33j (jJI j-i^^ (>>) 

^ *♦ 

^\j^\ ijjLaUJI J. -i-^Ju M l ^ 

.« ^>11 C : r ^4 U ^-^1 



<UILSJ1 1^ " » c L ^i. L t ^ tri ->—>- L j ^ t»jjJj ^ l u\t i ^ ^Ai 



. 1 <1 i^^Li ^) ALH 84001 BL^uuill ^ j;^ ^ 











^jaJI i^Jlc Sl^ QC. lll.TUJI 


3-^Lj \ ^"1 ^JuJ j^mUi 4jjLi^l ;^ilxjl Ca_^j!l!l 

^Jjl (JT^ ^jj-uL»LjJl cLcIxIl Jl2lS i IjL L ^ 
t <Unil ^ i-iL-i-ui^1 L—>^ o ^11 (_^jl (1>^ i) ^'\^ LSLiJiSjLilil ^JyJS^ 

L.x^ <1)1^ ^c^tn a t ^jJl_>-L^I '>- ^CjI^Jj_u 

^^JLuaVI ijJUrJ 4jLu.al!lj 3jL>>t^ 13^ j 11 jL%^VI A.lcujJIj 

03^3^ j^J-* o'^ 'J'J -i**^' <1 iL*jVI 

t.)L..3 ^ 4 *?n ii>. j^^_3e-ju^t ^J_JbeJlI ^~ ^ JjLuj^ Jl5^ ^l_jua_^U 

«* 

4_^j^j-(Jl jL:> 6_>.V1 4_t^ljjJ 3 jLJr jJLl <—^^1 ^ 3,l;^jiJll j£tjJLl j-A j >**< r I 


2.1^LU c*>.La. 


^LjlII juuo 4.^1 jL_^I \j-^ >^t| L-aLqj CuJLua.^1 <4.,^ij-L^I 4 j, i 311 

p.ljia nil Lr^ ^-,1 ^ gL jl3J)) : L^j_3j jj)^ <» lLUj ^3-ljuj ♦ ^ ^YA 

«((^ (j <rfr>A: oi 0 L 4 -CU ^4.j£^^_uJ! ^L:?e^Vl^ Lt^ ^ 3 i^*) I t^ljk^l JlLo 

i ISLj_jl_^jL iu 1 *_u^l (Jjura-f^ ^JTl.^ O^ ‘ ^ ^ aLjiJI 

4 niUj ^c-cu’^l t« JliLjJI)) ^j (jr^ <« Ljujj O-oilajl 

L 3 L 4 J 4Jr «^>lj luL-ljuV lSLjIi£jLuf Sjl^ >, <U3ll ^^^LoLuIl 

4* 44 

jJlj^^SLii^t CjIjuLLs CLuoL^ j_4—<-uJ^ 4 1 III <llj ^,1.»- 

«« 

4_3laulA t(4 * Jl jj>-a]l ^ JSU snowmobile ^LujJj 4j>c. 1 4 

4 • .i.uui 3 JlJL Jl-j1^1 ^j^JLc. <al j ^ (j^ j 3j Ij-iL^ "V. 1 ^ liA 

tfiLA ^Lu jf J. 1 4 .*.uUJ tij-4-^ (jy^ <iL^l (j! 1J-A Vj -*_^Luif 

tj. j^-uijj (jj^ mhIIj ^LuJI ^Jj)!**- 1)1: jj^ III ySjuijj cl ^ ,^vl 

4 * 44 4 * 

4-<41-4-^ ^ 4_3laJL4 t^^yjua^Vl 

44 44 

(jVT ^ i^i uLr^ll (Jn^ll c^jJlU lO jj&j ^{ « nj iJL^I 

4 » «* 

^L^l tLfl-L^Lcj bjL ^^j^ll lLUj ^J.4Jtii LIJu LaJLLC. «^.L A 

_ cLcjc-lJI ^Ll.«..I,l Lu^^JLijul ^.p) Ll^ . ^-i,ix> 1^ .- l jlj Lo-;^ cjj jla 

Lulj 1 4j <f. _ Y * (jX: LjL4 hli * n ^jLpj^l LuL^^^ (2rJ-^lj 

4-^jx>JI o-^ L^f *J 4 ice pinnacles <(^jl_JLx 14 4 ^)) 

.^_La-4-uJ,l viLiia-aJI I JlA ^^3 ^paLiJLl J 44 _jjLjl!I ^LjjJIj 





2 I. LajJa \ 0 jJL^ ^ <^rt!i ^jla ^jAaj ^L^jl 

<;L1j 1 ^ tudJi JL-»jj .jJa^Lj (j-*o^ L^>>j t cdLlA jL^ jL.S_a cdJjLj tcrevasses 

•ft 

: Lq^I J 4 U n >Lo <"< <> ^j-4- 4^\\ /*\ ^ \ Cjuo^^jA 1 1 <;r 

ftft 

dL^l CT^b*^ L>^ 

w *• 

JLjjL-%JiJ JL—il:^l ^ Ir ^ ^ ^ ^ * C^l i ^., 

^1 ciliic, ♦ »l.,ii:iii,H LaLJulL>. ^^^liJb 4a^L^i 4.djiaJ(JI 

ft* 

^ 11 ^JL^ . jj^cyuaJI cLtJjij 4^u-^J ciJi.V^ ^ ^jLu^ 


^ 4(j<M^il (J^l^ Sj, ^ (rj M 4 ^ ^j<ij ^ cJiij L^Hla^Jlib ' L>^ 

^ L^ljU^ <**« 4(Ja4<aV uLaj^ <*<11 n X11 cIa^IcI 

»«3j*-Jd-uail l-^IjLjuaj 

ft* 

c<.t_a,-^ 4 La^ tt-j jI 4^L^^«Lliil 4 j J x ti jl ^ (lyaj 

•ft 

4 ^ ^ >• ><ti jc^k^uj 4 4JL^^^I 


L i i^ i li 


^ 4 



4,la,.>i-a ^Jl. ^gJuJI 4l>'j t 4 jj t^LC-^ j ^-:^I 

•ft ft* ft* 

4-^tdU.j*bJI I ^ 1 Jj.jo.:>. Cl<-irL^q-> ^-LjuLum 4ldLL.u^ 

CjLVjJI ^1 jLju i^^y^aLajVij CjLLiill 4Ju-ajl dJU^J 4_4^ljJlXI CjI^I^JLI 

*• 

L>^J * recycling j^juJI ol jlor L^l j-stlLt^V ^jlscjJLI 
- j^-it—x-aJI <**<1S 1 <4 M n—tuil Cjuluj <^j..i.->’ i Ljjjj)-^. j!L-^ 4 j’^^ Poit Huencme 
I ^ > 40^ icdLl^j A 4jijJUa B^^L^JLt _ c-dL^dl ^-l^i 4la^^ 

^ tl ^ B :»**<! ^ 3^ ^ >■ 4 jLj:)t->-VI ^1 

LoL^j! L^jLLa^^b 2;j^ cjJ! <■ tLbj^ 

Cr^l J^ 6 ^ Bj ^I 2 j ^bl ^ 

4jV^ 4-^L^ 4JjJl^ (''^) 4 X 1 All £jl j ^ '\ “• — JjL^jLa 

I )> 1 1 C» d^-xui-A^ jLd^ . ^ “ i < < “ ii i tjLfl 


;jyuaJt (^yL jJL^ l^ LmLj ((4jjJ)) (jL^ JlB-^ 4 LIaL 4jjJ 

jjSLiju Jj—B j « L^JJu^ C-<_)L_^ 4J^1 jJI CjIjL-IBuJI ^j_L:>J 1 ^ »t^ B]i 


L^-dj 4 IL 'ic.j 4((5Bj-jt.juail 4-dij Us"M C 

\ ^ *< B ^ ^1 b <3 iCiUj .((^^JLJ 4|«-ftj)} - 4jj. 4- i ,i\ 1 

dJLA jj^SLlu I JlBB 4J^.'> j^U 4^.i j>>.1>I ^ 

Jj) .ALH 84001 : JjVl 4 ^^ B^ 






1 Ijla '"41^ ^3 * ^ *\Ao—^ \Ai. <iu^l jL-^->Jl tcjLUj 

*• •• 

JU^j iSj^-oLuD ^jjiiallaj 4_i_>. ^a.a:_>Jl j^Lcjj tCjl JujL 4-*Jjt 
4.j<i-::wIjJ 1 tl)^4jJLsuJl 4 -ij^jL>. <;L1I 2LaL!l^ 

^^^SLi-u l-sL>* iii.5vV 1^i,v<1 A (3^ • 4-^^ <iuj ^ ^333^ 0^ 

* ^ CX^ L)^ ^ ^ u<^l ^ u.^^ i ^i 


JiltJ 


jSM ^jfb yiilb AM UUiijA«i I 

03-^3-^ Cr^ O^W ‘^^>-=^ 

«« «• 

chip <2l^j ^ LjSjl^ ALH 84001 

«• 

idiogenite c.i_^jjjJI ^ <ut 



1 


ui 


♦ #' 





■ r 1 

^ *" fi. 

(j^ A. 1 ^ 4_i\ t ^~ • j i4_^J_iJiJl jL:je_>.V! Lj 1 1 <ij ^Ltlu 3-^3 

^1 <ajwLj 4_^Hajjl jJjL-oj Vesta, i "< < <1 4 ^ A -cull ^.,4 i^ll ^j_jo c-u^l^^SLll 

CLi ij) t I o ^<-uJ JL_jlj (^I i ^ ’t_Laj 1^ * t ^ ft^<<r*>i 

LUI u^l .1^ ALH 84001 <^>^1 ^ ol .4^Lj».l£i 


^Lolc. >J 1^ t ld.uj 4^9 iMittlefehldt 1 ui,i" > 4 ((ciJlj)) jLi^jJ 

»» 

y 

CujL^ < tt^-< ^ 4_uijLl^iJ .a. 4 ^ ■^3^ 

jArtll ^j_cn_j^:::w JlSaj 4U 

M «* * 

4 rtl" ^ <0 ^IjjI 4jjLL4J 1...4" 4-0 C*i^ » :4j^_^ tiJJj ^ 1 ^ 

i^jji 4 4 Ca-i_dJl ‘ 1^ ^ ^ ciJUjil ^4-^^.jjJl jL%->>Vi 

>J1 IjLA ^1 j) 4 ) cIajj! L^ Lol . ALH 84001 j^ 3 'T 


tri valent ^IS^l 4-p^Li jujl>J1 jl^L^I a oL^ lt^ 

ij^Li JUJl>J1 CjIjJ jj$ 1^.4.4 (jJjLiuJ ^jy^l (J\s^-xjS^\ _ JuJL>J1 CjL^j-/: 
*» «* 

uM cij}- " 0^ cr^l t)^ ’(^ oljUl 

tiljLilj (^1 ) divalent J^lSLlII ^Lo 4_iaa^ ^ jL^^jJ.1 jujl>JI 

oi JL-u "^ 1^ ! 1 Cj^^-lajj 4 o j 4j (jyLl <-< L^ >■ >0l^<i *4 

^ «* 

oljjJl Cu£^<JI L-^jSLj ^1 cj\ (jr^j) sulfides (ola < Ji) 

disulfides ^Lu cjI 5»jL^ juju>JI cjIjljJj;^ ojL^ 

monosulfides ^jL>.i cjIjluj^ ^ Vju t(juJL>. 5j!i 

5j£L^I c.<jt,44ti 5 jl>.1j iZjL^j^ 

%A <%A ^ ^ 









6uba9 



1 a L^JJU JlcL^ i4^^^.j_ill jLatJvVl ^JyS djLjI^Lj 

%% 

JL_fl (ji—^ i^Llu^l dJLJfc »(^^) 4__jJi^l ~>> i^jji 

•• *• 

‘ '>^-^ J-^ 

** «• 

^ jj ‘■i . n oiLSLa 5_5 JLkJI L^( . U (>>-^ ALH 84001 

OuLil^l (jl Jl»j)) : JlIL-AIIL^ ^j ^<u.Ai_>ij Cj LcMi^ 
< it A LT^ Cj^—Tl-T t<l-^LjLlJl JuJL.>Jl 

t LajlI^.^ * ((*3 J< < 1 ) r mi jl iJuJL>Jl ^\ ^ISL!I ^A 

ciiLLjj^rt-^ A 4 ma! iLindstrom 

(Jj) i^.„>Ji 1 mIt CoJL^ I^ I I-^,11 LajIjI .^cjjJLl jj-* "***'^^ Ijla ^l> 4 ^*4 
LiL^jLa . j-A^I jja jL^Lli isotope analysis jjL^aJdL Jjl^" 

^1 l^<t J ,r ^1 4 _cLSLj _u 


>. Clayton t^l 

«» 

1 ^^Ic. ^ ^^ 1 .Ld 4^^LLiA ^jLUj (jyic. * <i^Vl 

.<((^^^->.^1 4_iitJ^i jL:s6j>*V| 


I j^ 3^ j nil ^UJl ^1 ALH 84001 J-^J 

M 

^Lc CjU^)) •. JjSLc u IjjJJJ .^C_Jl^l ^j-A i ii L^jI L_dj^^-*i,l J^Jfc-jUaU 

.((t--4j^ jje-skJI Ijla ^jU (jyLi Lojl-i Cju^ Jl2j^ i^j^uLa^JI 


^ ^ fr 

7tIa-<-u ^j_A Ct* g ^ (JT^^ 4 J ^ J lH J|1 ^ CjI^^i— ulu_c. ^J\J 

^ ^ 1 i Ch^ ^.r I tn,<.A ^ ^ ^ ^ ^1 LtJL^ f. 1^ t 1 

r jj) **<, 11 ] u^jJlJI wK ^ \ CjIj) < i H 3 " tl I ju^ ^ij i^\ t 4Li" ^)t 4^ 

A ^ 4 Li 3 li 4 JL 3 JI ^JJt ^JL ->0 4_^^SLll t~4 ^ . tl t Ju jLgOJ 

. La JI r U Ijjij^ La^ i4_i^^^_^i jL%_>-Vl 
4^jL!l 4 jjj^LI 4_aLL>J.l (J;4 jl<oL3j 4_A-A-sauLli dJLA 

4j)^j^ 31^ ^ 

«• 

43-^j^ JJLC. jj-A 

La-L 1 i ^ 1 jlSLa^ i lx^-^ * La->^ t i < i t 4ji_i_i-Li^ i ^ ^ i ^ «'"■<! Ij 

i(_JLlJLl J <,ii ♦3 ^iJl!1 4Jl^ jjl>JL 1 ^^<!i tiiJj CjI jjlc, LhHS? 

L>^ (jr^ 4_IL<-u (jyi^ CjijJ »-j 


^jaJI SLp uajJI 


<J^ ^ l 5J **'"*•** cljljj^^.jjJi JJlC L-olxitJ 

«* M *• ^ 

j ^\<11 J£^ pi o Ittl <_3j—H-JJ^ *4 _uL^ jt i4 j> J Ml jl 44J} iii 

JJL^ f^\ CjIjJ[^^— ijLJi ^JL^ 4 ^Lju3^ 

•t 


4 : ^ ^ ^_jLa 4 <jJj)i < <i!i Jlii (^J\JLM ^ 

«« <!* 

-iJL£. ^ J j ^ CjIjjJI ^ 4JjLo- 1» 4_SjjJaj jJ^-Lojj 

<U fl4j . 2A[ tl 1 ^ 4^\\ ^ *‘^^J t4.< II rt ^ CjLjj^^pSHyij 


dljUl ^jlsLJuso Lajuil ioM-c-LoIi! nuclear level i^j^l < Jli 

cL)ht ^j J ^ tCjLjj^j ^!l JiJL_C ":rj 

kla <4,^ A ( JjJluLJI CdkjLftJl i^jji VI 4jj|jJ(j| O^Lj 2.1 ^ *i!i 

«» •• 

high-energy ^LLaJl cjUjL^I u-« ^La cjLwjj 

cjLIj 4ia-p41 oLjj^^pSUVI ^Lx.i 51^ J^ 4i>^ cr^l collisions 

_ CjIjjJI ^Jja 4 rth 

^1 ^ ^i 11 ^\ t^ju^SUI Bl. cjIjIjlj L^l i4 —cjL^^1_i^j 

** ' «• ** 

(^Li »l i^aW^ u^l^^-SLlI (2 Aj »l ^11 - k\j L^*it _ i 4->-4i,,::».JtJI <Jl>ijL:» a iVI 

«* 

4.lutjuVIj 3l < ull 4.^lkJl 4-^L^ CjI 4 j I *1 *^1 kjLix. i^^_%j(JI 

* c^IjuJLj 


< t<ill j j tl (JJJ g-LS ill L^ '>- iCUjlj ^Uklll aJJt 

jjlJl& jj>-V| 1 La! ,^jSJI 3 jLjI_i_o jJill^ ill fljLA ^j! i till Ch*J 

%• 

44^V| ^j->s J^l^l ^1 Cr4^ : ^kuiyi JL:ttlU t j JT i m A 

Ij1.j4j-c.I t(j\i<.<ill (j-uM-jj 4_jjliiJI Cx^ 

44Jjjlaj| ^UilH ‘(JL^I l):^^-**-" Lr^ . j^.3IL<-uJLI ^.jl^Ml 

i ^ 1 _ iiiMLall ^ jln I II L-«| . ) V _ ) Y _ ^^^^SLII ka-A^ 

I~ ifadioactive «4—jK_u!u_a)) 4_j^^_)VI ^JlA^ t ^ ~ ^ ^ ^ ^ d ^ 

. ^ 1 - J;A_>.j|^pJj| 4 j^1 

i4^jLJ 4 j a t Tt 11 V 3 3 < a 3l^ L^V ^_yC.l t i'lVI "<,!l ^( rC-^j 

L^Li^^l ^2>^L4 j 4j^VI jljL^t (^j\j o^,,l^*<ll djub ^^Lij 

^^«xi-jLJ ^J.k T) ^ 1 — ji^^^^SLII 4£^1 ^j) tJUm (Jj t I n i^aixj 

4_ujajJI 3 jJL 3JI (_yJI ^3 <olJI j^-a-*JI LMjj «4.3^ OVO * u Half-life ^^yiuuaj 

*• •» 


« « 




JUuj . JJbtliiJ i ^ ^ ->-AC < C:A^^ 

*» <m 

4j^V| ^1 jjuiJt ‘ “ fjy^L^Li j A )3J ^ 

. I jSLaj fl i Aj (j A ^ \ ^ <A^4 * B^-^HxduJL t 

*• 

parent nuclei wSjJl^l a^Vlw 4-^lJLll JL»Tti.. * 

*• 

j^UaiJl 1^-5 ji3^j idaughter nuclei <{^1 ^LatJ-uo <.ill j^jl-L 

l^xxmj} ^^SLII 4 dt ^ whorls oIjIjjl!! ^V1 ^J SjJl^l 

•* 

4_IjVIj SjJljJl 4.j^^U 4 jli/oVi jjjLcVi ..lijJ.r^o 1 <t < 

«« 

^^ c^L(.a3- 1 iiit^t4-^L>Ji LftjljLcI Lj(SL<uj (L>o 

CjIj ^ 1 _ 4j^ 1 ;J 1^> »^.4-a:^( ijuk JlLo 4j-ajLOLill jl Ar.Vl 

((1 1 » ^ i li ^ "W. 1 ^ \ /yi* n i A'i .,. C Y 0 * jJUl 

<L.s^...jujj\}\j c^Lui^Vi jl <v r t Ju j ^ A 1 L^j_4Jl * Carbon dating 

«» 

✓ ^ 

(j1 JUJL>0 4^aj^)Jaj) OJJt C«.4jL.^*< mi JL^ 1 / «■ . 4-4JJL^I 

«* 

«±JlJdl cr^l J7^>T^ J J ^ 

, j-uoiil Jll 4^I 4_» ;^jJl ^>aSLII ^ 1JLA ij 

CiU^j^l ^ ja_*—9 L^I (PJI oljUl ^.9 -V JUj 

IJIjIj 1 ^ lA^ fc> 03^ Cr^^J 4-t^i 4ili ^ ^^ ^ 7~ ^ 

i-Vj J, r> o aju^ 3jj) i^\ \ 1 _ (J..4 rtA «>1 4 j-J-C jjiajt-dlj 


4- > -La^l Cjl^^JLdJJ 4.u( II (ILj i^jiJu-uJl u-dVL) jLq^VI 

«* 

4 jrt /9-^ <ti jl ^ cVi JJL^ ^ i>\ A <1 * lLUj 

4j<rt*i (3:j_jJbaJj . L^^LVi^i ^ 1 - ^ {^\ LjJ^-2j tiJLuk ^ ^ 

«» 

j^ ^1 lr> d l ^^1 <:^jfcill l.I^lc 4-jJuo^l All ^^^LstllJl 

j^Lta-LlI Jdun_dl fjr^ 0-^3 J^L>V1 4 j ji 4 r.VI olj A ~ . ..|i 


fii 5ji i i • _ j l o Ljj-iJI < jljoVI j^LHi a a, \ 4." . ..t,t 

^ , Y A ^ A 1 1 La^ < 1 f *(' '^) 1' _ jijjiKj V1 JL^lIu Aj a 

j <> lr*i I L^jl^^->- dtjl 4^1^^ 3jL^ iZj-ij^^ A^ ^ <v\ A A >! , 4Ju_u 

^L-JiijjVI 4.j^^ jJ^l_>. jL_^ 3-^3 (1h® 

4^tjLo^^l A^A />ti dJLA (^y^3 A^^ t^11 ^ t i t^AA ^ /i a 

Sj-A jj>.T ^ri-t-o 4^LjtJ2l 3 ^^J«lju 3 ^ iJuaA A^ ^ ^ ti /a 

cJl9^ ‘(^* " ^3 »i ‘ L)^) 1 ^ j ^ 5^ V <1^1 (^jJ ci4jL^ 









^joJI igir. 6L^ qc uajJI 


CjLj ^ H ii-dJ J Jljlj^ * ( ^ ^ * 

.r^ 1 1 1 Juua ^ ^ (^j^i ^ ^ JUJ_>ij 1 <1-^4J i4.1jV)j 3 Jl1)^I 

«« 

sLuVIj djJljJl 4jjjVi 4^Li-a!Lo cjLu^S^ ^J'*‘‘JJ •5^^-3tjuaJI solidificd 
4JuVl 4 jjjV 1 JJLC ^..j-tl^ I ij I i4JLcu ^ , YA gjij n <v .r, 

tj-<jjL]l ijLA <. h* i.^ (^jl <ii j ^o ^1 iSjJljJl L-SLjL-uil Jujj 

«* 

.5ji^ T,ol 

5jL^fcjtJLl <LjjLdJj) ^i>.L,V*<t ni jl-Ail t ALH 84001 ^-:ae-><Jl ^Lv 

' »* •* 

jJ_Sj (^! * t * - 0>»-J^'i ^ cr^ 


» • 


$jL^fcjtJLl <LjjLdJj) ^i>.L,V*<t ni jl-Ai1 t ALH 84001 ^-:ae-><Jl ^Lv 

' »* •* 

jJ_5j j_4-C. . i • - ^ iijLia (jic. 

C-tJ^^SL) (^jJI 0.3^1 4 L^^-AL^ tljLA (JAaj Vj . 4Ju-u i 

%• 

LjU-SL^^ < 4 ^ ^IjlLa-juol 4^ C-( t -LuJ (^Jlii 

^^-jQ-suJl Lll CjJJl_»^ Jl5 ^c_jjLLL 1 4-_ijL5j (jV ^La r<^4-t<Vj IjlA jJ-t-o^-jJl 

4.m^ IjlA JJLJ3h. Jl^j . 4.J_lju i , 0 4 jI (^^4^ .<.<^11 

** 

JagOUtZ (jr^^-J> J ^^ 4loLi-u^ ALH 84001 j^j:3B->Ji f^A 

*• ** 

i4_juULVl (jr^ g-1 j lLL^Lj JL^JL-<J cLjAL^jj 

•• 

. jJiyi j. l^>;!I i(rubidium-87) AV _ oL^ (j^ ^jLl>i 

jJiyi 4_Jj Jiitlj eiJdl (>jV1 j. Ja <11 jjkj < (strontium-87) AV > 1 j 

f, Cjj^ j t i,Ln**<tl ^JILq-Iu^ . <L1^ iV djJL£ ^ rt <«^ > 

(1)^^ t4Ju-u (2,^0^4 j 1 , 0 i** t < 1 <^ ^ ^ 11 ^1 byvbtJ^LlIl 

** 

i i, • _ ^2>-^ La1^IL^-<i ^i-<t .zv I gll^ a i4_Lj-ii bj^-^4j t ^ » JUu j-^-uaj| 1 ^.i<o 

^JJL>o L^j Ljji^jj 4 j ^j jLjJl 4£.Lj-uJ1 resetting y'^ 5jLx.i Lq_4 

M 

. t * _ 1 

LAjJlus^ JJL>. J AiC. JL>.Vi <^j._uJl jLrtjvVi jL^t 

i^_^Ll]Li^ . 4_u-u ^ 4Ju-u Q ^-iLa ^ V * br'-i La 4j t cJ^ L>^ 

^>a JlVl ^ l^UoIdI ^>IAj ALH 84001 
' «« 

3^ ^Ai rt 11 <—jL^^^_>J 1 b)l ^1 -t. r<r jj^ , Ij. a..r. 

^_^JLc, LAj _Q_c. Ai3^ 4 _a-»lojV! * j ^ Oj_aJs3 J*—^ 

‘ J ^ I ^ 11 ^JljSI ^ ^ t4 H II V ,A 

UL^ *jJ>i ALH 84001 (ji'3^1 JLu oljL^ £ , Y 

* 

(jy^j .planetary satellite j-a-^ (>* t>* 


j^ 




Li1jl<^_>. 


4_iic 


ryili JjIjI cy^ _ <j^j^l jLar^VLfl *JL>^ 

i <1 j!i 4_jjLa-« jl ■gC.i L_^ _ 4j cM<><*«i!l 4_£ij,.c-^JL 1 Sll ^L_ut 

ot c^! Olj .5_^J^( Sj.i^( 

•* ^ 

‘ ^ * i^ 4_a_i.5.>JI ijy^ 4j|^ iLa oj^jL^j I In^ < jLa ALH 84001 

«» *» 

*^a-(_u ^ t^iJJ j IjlC i <1 j ^ 1 ^ (S[ T *4 4Ji 1 d!i 4 j ^ J l f n ^l ■> "ViVI 

^ ALH 84001 >^l 0^ . J^LLVI ^ ^1 

. I (>« Ait 


1 K . t 


^ \ JuJL->*J 4_ijuu JljJL^o (3^-^ (3-^ cllij 1 /a 

t-il j4< (jr^ j 4*14^^)1 djV| (jylc t ^ (ji^i <L4 JjJl 11 jjJtjuajl 4 

** 

Oj-se-jus ^^_j_4j (jPii Cjl..4.«4aL,iJI 4^L>J1 dJU^ *4_allL>JL! ^UaII) 

«« *• 

^ M /11 jIjl^I X, 4.^1 i 4 J_iO dul c-£l^. t < 11 L^ 

^^-l^LulII LilJu^I <11 ^<ij!^ 4 4lbl!iJI 

^l^^—jisaJLlI^ ♦ ^ Y _ ^Jj —c <jy-i£, ^L_IuLj 0^3 j ^> 

4__j i-uJJLjj t) 0 _ ^ 1 — I I—<}jfc ^^ ^L-jijLJlII 

‘A A _ sj^ y ^ ^ A1 (JJLLa ‘■Cy-^ —cuJ^IjAJ 

^ >»'■ * ^Lljjj , Y Y _ (j^jjiJ ^3 ‘ Y ^ « ul 5 tJ^ I 3 t Y * _ (j^jjl! 1 ‘(j 3 J.jU ^-u^ujJLj^ 

0 ^-^^ o-* cr'-»-^ j <4^<t t 4 _j-4dLJkJ 1 ^LlfluJI j| 
cI1j1_lj4^ ... I ^ \ ^i^JlII ciJLLaJi ^LaA^. .4JLjljb cZ< i.n cHjLuIj, .(Jl ^JLA ^1 L)~^ 

lILITlA 4-^L«ru-<a 1 1 i .■ > J C-aI^. I f^yh ^^LIajJI 

3 I 1 Jl->.I 3 Lll.llLa-t 1 —A ^1 t^u.<u tlJi 

. La c^AAu-u ^^-A^LLftJt 

4„jLJjVI gj I 1^1 ■ iJi (2)1-^ / d J i ^ i^.tl \ <*"/ ^^ ^ A iy^3 

«» 

CjIjLc ^j-a 2 Lj^£L<s 4j^jv 4.d.ic. I ^jl£LlLLaJ La -^3 a a <*<>1-1 

t /.../ti 5jL>>.l3 ^X-j-a^SE-d t^jrpJL>JI LlI^ Cr^-3 * i-Aj^Li^aj i 4 < <a) ^j-uL^ 

«« 

f. L^j 1 * J ^ J- 1,*^! “f n 1^ 3"^?^^ I ‘ 4_LoI£Lj 1 J j 4i> 

** 

^_j^_a-ij (—S^’LiJI (33^ *J3 • ^^ J^^^33“^^^ Cjl^Liil 

4 (3\jk3^lJL! i 4 -LiJLiAo CjL^g ^ ^oa 4 ^j 3 :>j.£Ul Jl_j_au^I 4 a 1^ t 4 


^\ LUx 


u^3 


Cy^ 



^>aJi 6la> QC 


a_J^t Jjtj .«:UI jLstJJ 

jljia ^ ^jLl^Ltia-^l ijb-^jJLl <r^ U>A jl^j *xenon ^krypton 

A^x\ i.i^ i^\ ‘ ^ ^^'^ j^Ljull ^ jLa 

^,ic lft,> ^ ^ dAl**<1 1 4 -ll„<.u iti ^^.ji^LIaJI djL^ cjLi^^L} 

ijyS^S 4 L^ ^ L _ ^ ^ 4_i_ 4^ ^j? iJLllI 

^ Y ^ ,'?tjiJ tx*tl L \ ^ .. 1 1 3 t 1 < ^ d Li^.,^ L.,^Jl>0 

l_i*-j L^l (_^ i_aj_»iJI e5>" C?^' j-4^J 

«* ^ 

jLil ^A d 3 tl Ut" xa t ^ ^ ^ C d\‘< ^ j^UaJLiJ 

tEETA 79001 jl dju^ 3 jij_:k^^1 

■:* Ly^ 0^3-^ cr^ (j-iiL_u^ Lr^ 


i, <,4 Al 


4_^L^j cjl^E43-(!Ld (jylc. ^JjiAILj t^cpLse^ ^VT ^jji ^ V I.cjJoc 

Lq-^ _ ^-j;.-JJ i-s^LiJI 5 >:hLu 3 i 3 U*) glassy inclusions 




Jl^j . jLftJi ljub l^lli c-.t_(UJL) 4_LsLtof^J 4 JL 0 ^3 >■».•; 1 1 

o» 4j| ^ jill j-_:fc_^>Jl 1 jufc ^L$L« IV j 3jj JL-^ 

«• ** 

4J-Lot J^l—i J-J-lwXJ l-»^j3-f Ur-^! —J- 

4-uUl 4-ij^l 4^3^1 jLs^Vl *oM *6^-^ 

^ -^tl > d I /^.tl Iju^ ^ «^^JULIj 4 j V 1 ^ ^t jitli jL_i-.i!u^ 

•• 

■■(^j^l Ji-b Sj>>.>ll ^Lt>_JI beta 79001 

«• ^ 

u-d^kJtJi Cy^ CjI j d-^ (jr^ (J.d-3—^ d * J ^ T ^ 

«« «• 

^1 isotopic fingerprint 4^L^1 ^ JL^Ji JL LjjjgjJlJ (jr^ ‘ 

(j^\ ^\^ CxjI^ 3jj > <^t l (jl (^1 t4ji^Luta jl 33!i Ijla ^jl 

•j^bVi 

^ijJI OL^ ^vi ^ 

^jd^l ^j-oLujj 4_i]jiJ-ui-A jjb ^L^ "* J3 ! i ^J£[jLdJj ^ ^* 4 IdL<-o^ 

JuA-fll ^>u ^)) J>-^ 4_d-^L^ ^ iOwen 

** •• •» 

Jj-J-lt (J~^ iJL>>t ^1 JljJu>iJ (jL^ t LijL.Xdul J 4 

Sj^jJl tU 4^\ L di ^jl 4_l£. ^LJjJll i h idSi ^ 

^ 4lilxiaJl Cj L - 4^1 tiilj ^Jy^ (jT^ isotope abundance 4-4-u-dj 4jpUaiJl 









tj f U jLse->. Vi ^JUb 4.,.<.,tj— lTl-j*! 1»t 

4 j uJi jL%_^Vi 4\ ia i ^t l CjIjL.jlU 4_j-i—<. ujJt . 4._i3eJi^JLi 

** 

t^^ULli cLxq-LII 4 Ah ^ A L^i jl t'cU t^LlulLi-uVI ijLA ^^jG 

4-SjLLaI>a t*C 1 L^i {jr^ ji 

.«j^JjJll (jy^ lLUj 

>jl ^ j r. 4 j 4-.j_$j-_jJLl 1 jL-^e-^Vl ^L-JLi 

«* 

jjjjJi 4 j o < ^_jJLc. ^j) " -a-j ,;m -V ‘.unearthly 

%% T 

1 4-i^i_^j>. jG i ju jLji^JJ j^LlIIj ^Jj G^itl < deuterium 

4_^LtJi 3j.^jJi ^jjb^ .^jGdjVI fXjyjunj 4 ij^Lo 

jl—Stej L>£J^ 1 ^ rt <^i Gli (.iJJj ^ 1_aL 4J ^LLaZu 

^_yji ,—jpaJl —Gil JVi—^ <—aVi *-Ii ijy^ -ij 

.(^IjLa ^ Mauna Kea L^ UjU jl^j^ spectroscopic analysis 

^ •• 

4_<^ljj fjji 4-^j-^l jL».^Vl dJ-^j Jj-isVl JJj fjj] 

** *» 

\ aA\c^ . 3ljZL>Jli 4.plLSLiLcAij| ^^mLj ^ ^ i ^-^-i U 1 (^LSr i«i^Vi CjIjG 

4_*_aLj^ f^A meteoriticist dJjL^Lj >aj * Clayton 

— ^2A^*-<“**^Vi cjI^G (_^i ^A _ i <i^Vi djtjG 4,Lm.!< ^^La-G> M) 

*% 

^ lLUG ^j£. 4 GIG 4r A 4 o j 4 Jl:^ a ALH 8400 1 j.j»B->JI 

«* 4 * 

CxuIuMG A4._i_9cJ^i 4 j Gii ^A 4-Gj 1 l^G <0 i ^ ^ ^ii c-d^^LGLlI 

• oystJu^\ ^l,i<oVi d Gi*'“4i ciJ 

*• 

4j <GG ^ijL3tIu_olj i5j-iii_*Ji d^^flii 4_^j.juJi jLjSt^Vi (^PL£, (-^jjlIJI 

C- X < <1 < i 1 ^L->Ji djLib ^ < t,J Lo J^J / i ^ i .1 a\ dj^UaJdl C AA-tali ^jl rt A 

•• •» 

(>» CT^' (j-3 L^>Liiji jl>^ jL^Vl ^ 

*• •• ** 

iJi significant GjLLtJLi 5^ j« x^^i .^jIcdjVI ^^i dJi 


t X.fali 


J-4-GJi yA (J^Vl g- ii (J^\ i4_XU3jVij d^ ^ dj^Ll^iJi 

jJjudV 4.Li^,flli 4j^I^ tli jJoJtGjj .^!M-l^Vi (j5-Lc: tP^jVi ^ ^ ~ XJ ^ 

«* 

t—^ <.ij, (yu 44_Lxji i , 0 ^Jjl.3 a^La ^ijiLa-i^i (JIj^Jl^ xj-jO-dJl 

yA ^ijJli ^1 J 4 ^^i ^l JlLox-dVI 1 JUb (^.ii^ • L-4J^^ ^-Lul jjIcsjVi L/UJ 
^LusVld X^jLu^i ^ A <i ^i djLo ^ h^i AC.t.Jj.dji f i Gli ^1 

« L>^ 4 ^ C^ii JL)^ i 1 4 ^ (^ Lj JlAJ cHu^^&U Ji JL^ ^ cr^l 




^jiUI ^ 51^ oc 


(jjjLlI i.iiUjV >*j) meteoricists uj ■:‘ v ‘- 1 1 j j 

jL^Vt)) L^l (^4^ <^4e^l ^1 (4_^j_4JI jLat^Vl 

^ (^jVl ^>LiJI SNC ^ «,SNC 

jh£L ^2>^Laf tChassigny iNakhla iShergotty 

** «• 

SNC 4_i£^^_uJ 1 jLas^Vl O-^ -A^W lLUj t 

Lcj 4 A i.iJi Lot i l£Lu£jLljl 5jL^ i \ Y ^LJl 

^Ll jj *(^^^—>-1 CjIjL^ ij I t**< l-^ rt Ml 1.1 d 4 iC^ N^ S 4 j j f,JI 

jL3e_j>. I 4 I M 4 4 . (jjjJ ‘ ^ c. 4_4-u-<»-i^ 

«* 

Lq-Aj i(jl_^LJl ^ Lai 1 1 jLjLj j. oi f 4 _uL4JJ CJ^ ^ ^ 

i ^ Ir. o*-l- > » L^ ..^ ■'>i- 1 <v ^ 4 i 4 Zagami 


SNC 4_jJ$j._iJL! 1 jl_3e_>.Vl Lai «SjLLl Iju^L ^ 

4 I <1 rt > ^ ^ ^ 3 JlL ^ 1^- t N < ii i^JlII ' 4 1 ‘^ > »< 11 ^^.jaei:>iJi 

51 c < MI 1 i ^ ^ 0 1 A Lc. ^ . c-Ji^ 5 c^l L^ ^ Lc^ t ^ ^ ^ ^ TA 

^ *i* 

< ham tCjljU^L 4_^L^ Ci^ (J7^!3“^ ^ 'T * 4 ^^>^1 LaLV) 


I-JU 


tfjL_:>s_) (^jJl pj-i-!l (jitjL^ llLL i L^_3l—i-u cjLudIj L^ 

* 1 * •• 

OJ^J .JjIjjJ) 


jLy^i \ iU « \ SNC 

lr*> <n 5 jl^ dll c,<—LAilJi L^j^-pI jlTl! 1 (Jji oj cuJ^l lII 

«* 

.4iie^ L^ji L^laj 5j_j*.jJ,l 


^ ♦ 




I 




«» * 



I ji^^f ^ J^ajf 


5j|^_>.L1,1 CjLu t ti ^34 ^_^JlI 1 (3-^3 jij rr- t^W 4—iSlLa J>3-*4 

jLsfcjv^l ^jla j'^5 (jyXJUdJ ^LaJI jiLstj) 4^ ^j'^IL>.L^l 

jLjaVl 1 rt jLi 3^ ^^. ii . A . a , ) l-L^ ^l^-j-aJl ^jl S4-jJ^^--uJl 

CjIjj. rt 4 ^L>J 1 G-.i < 03 i^josLsJLl (> 

M.U c-«.l»!tll 4,j <^4 ^_y ^3 property 4 _ui_lS.>iJ 1 4.j£mi 33 CjLlI^ 
4 j ^11 lLI33-^3-^ 4JjJU4J LlLaJI 4-^4SL>JL I C.o4^^ ( ^ A * 0 ^Lx. ^ ^ * 4 jlc^. 

4j^L^ ajxjJ Lil*J ((( 3 lla))) (^jL!l 3 iPoSt (,**■> < n 3 J LH* 4 x 3 ^^^! 

I ^ 

L^.L^ 3 -A 3 4 Pierson ^j 3 -_tdU 3 -_jj ^xjlII t ' 4 \^[ 41 

^ M 





•• • • •• ^ 
6j^UiO 1/^9 


JlJI <<i"iS>ll)) 4 jjJ 1 CjLj|j_u>JLj SLoLlIlII ^Lj 4_/iiSL>JI! Cijia-dj 

(possession a A r_ ji U\ ^^ j^j) occupancy 

^Luj ^ cZj-lm^ JulluAJ 4«(-La-a-b 

CjL jI t 4 _jj^jLSJi a ^ < l .<itl 4-_3e_j-ol^l SjlcL^I ^JUb 

Q^_>oL>JL 1 (Jjl ^ j t (1 b 4 JLaJL>Jl SLSJLll^ uJl jl, ^ e.j > >Vlj 

jjju <CLj^LLj ^jI ^1 Ijjjjij jj-cait-i ALH 84001 ^1 cijIl^I 

*» 

^ <** ^ 4.*^ ^ LT-^i 

*• 

(^1 ol-S iiLaiSj 

4Jl>J ^ ^ * ‘“^ 4<LudJL>Ji 4 I il^^tl 4 Xv I ill \L:9ej>>^l-! CjLjV^j 

44_ t . £ ^^.u-lJi ^L%j>.VLi (J.^4 Jl 1I 4-^^-^4-?e_/0 ^^uj I 3^ -4!u c . ^j_4a 

^ 41 1 44 j-^J 4(NSF) ja,jIxU 4 J « UJ t i 4 . i. / .*J1 1J 4 «LajuIj)) ^1-^J LAjI ila. r. I 
^_^jLc Jp JA.t.<U 4 1.14.4 4fJ^ Cu .Cjljt-«l.:^l JUjuJIj 4(^ ) <41 

national curator 

«• *» %• ' 

C< rti*> 1 0 ^ 4^^^ijJL_t-d *i t 1,,^ i\c. ji^TcJi H ^^JLaj j\ 4_^ljjL_t.^) 4__i^mi 

«• «* 

A. ^ <t.I x>j ^qJI! ,^>^SLll cUi <; ^1**1 ^J) 1 >11 4 4 <.f.u.4 41^-11 

4 ,U> ^tl T * ^4 4 *011^0^ 3jl.a:_jJL) CjLjV^JJ 4 oi_ 

^^H ^■>^■3 -i ^ cr^j 4 Marvin qySjL-A Vj_ 4 -ujjl ^ijJijj 

4_j5LL3Ji j rti 1 JjLajLa 4 jSLltfll Ljj-jlALI 

«* ' 

4_^j-^l jL^aja.^! 4_L:^ L^L>. 4(^^4Li i-4<J^CU i1_4-uL^ 4j^^^ ^ ^ 4Jij|jL_4 

. 4-ajj^Jj^H 4,j„ il^ S.1I 4-^^^..^I jLsc-a^VI diLur Ij^juoj 

J '^ * ** > ^ ^ ^^ ^c-jual!) ^tjLu^l aJociil 4 4 ^ ^ ^ " 3*\ 4 4-u.3lL!i 4-^LiJt 

. juAJuJt ^J.%^ LojIj L^Li-t^jj 4^j)ltil 4^ij11 4.i.4i^JJlij 

^LiuILij/lj 4 4^1 linrt n 4-^3*:^^^ Lt>-^ 

Jl 

jL^iL^a _ i^\ 1 La - (j 7 ^ ‘'^34 4 CjL^L£j 3jj^ua L^< a t"*.*I ^a j* 

•« «* 

cljl <^J^I I < 1 (33"* ^4 n*l i *(^ Sjtj) ^ fj ** J 1 ' “ 

j-cijJLI <(Lu-Li)) 4 JLS:j I i - ^1 .ALH 84001 

*« ^ 

JU^-tiX (-d^LcJLi >J 1 4^,4t la , i .a. „ ^t yA ^ 1—4-44.Jl rt r 36—L4aJl 

3jJfc_uaJl lij^l ^ M A -4.44 

(^ISLa JL-lAjJ 4.i.>l-36.j 1 (^JL-Il <.iU j I ^ -^4 LcJ .(jjla-LJI J*_iJLj 




«» ^ «*•««♦ I 

« ^ * 44_uul-iJ) 


LJt 


3j—uu^ud 




^jaJI 6U^ ^ 



4 I I C .<A,,» r <, '^ l LotaLLC. 4ji 

Cj-ti^Luj i \ J. 5j.^Vl 

"W Jo-al 4.*^jl oT 4jjj jJLJIj tALH 84001 j^ae-;>Jl ^ "4 1 

•» 

t>c.j .<(1^^! 1^1 j^jj L tjlj-^ Ljjj-uoh) :cJL^ iiu-cajj! 

(jl 4_i^^«uJI jLacj>.Vl 4} r^J <"<» 4jj iCj\ u til Ldd/^ 

L> ^Jl2lIl! tf.L^U 11 j^JlLuj ^ji fcU 4 4 <<i..<,ii^ij «I .fcuU» f^_yi 

^^^^.jllm ^ ^ ^ tCjlitiltftJI 4 4 1 !i (4^ (—xll^ ^ i >n ^11 I , t^ i 

^i:y-Ui jjl (^jlssjJl^ ^jjjJl j_y-4^^£L>Jl " 11 ^_yAXJ 

«* 

.4.LpJLll 4 i^A 1 •t^A p< A 
^jl ^.Ijt^.! i((ljul (J^ ^ *^-4^.5-^ dJJii {3"^J 

4^llLo 4^^)-Jl jLfcD^VI ^jjo LajIj ^j-fl-£u-u3 4-LaBiJI 

^l£jj >-U 4 < II it <ijJli (jt ^4:*'^^ oLi^l^jJI JLi^Jll 

4-i-^j- ^Ui jLae-^Vl tijLstjVi ^ (jl J> :y:.4ri <« ((LojjLj)) 

— oU^^jj^Lll ^jjo ^^^£111 4 4-^. l-rttl 4 -jJ^^ j JlH jLse-^Vl Cr^J 4-i jas-ji^i 

^jLSJLl jL^i lAj" iduj .4_J_tU»jVI JJ-it-ua]| ^jLal tilljL^J ttJLiJ^jLjjSUi 

cA)^' cA^ 6-* oLc.j-^^1 ^a-A 

«* ** 

4jjL«_<. ^ ^.juk U 1>SJ . j.,p«-u=Jl UjLLI ^ ALH 84001 

(> t 4\ ^jj 4_i4£l^b^ 4_£.L^ lAI 43~^ U^ 1 <j-ir. IjiJb t. h i*ufC.! 

t JLjuSJ i4_3t-L-aJL ^ ity\ (^jl <^4 IjJjL^ (jl cAdA® L>^ lA ^Liiajct 

.^J^) 4j4^jLdJI ^Li.>Jt 







<i1j-^ ^1 1-ulj 
Ml' ^1 1 <4 jI 

Aiu^l 04-x;^ U ^1. ALH 84001 

«» *• 

i , 0 cA^ volcanic 

0_>u i II rt ) 3jl 1I c^jLdJ (^jJI idUjuj 


^l 1^ AJI 4j£i^j TiJLxcuJi 

•* 

4 rt ui **f^ \ (jl (3^ iAjLuj iLa ^ 0 

cJiif j Ar j) ^ ^ ^A1 aIjlII (j3 jj^ I M 

’ ♦* 

Ci^ IJU l0^m^JU£il\ OkXJb {,^\ ^ ^ ^ L>4JlLc^ » dLLuj 

<j-aJ tSjjuij »1.4. l» Ji JjLstliJ 4jaia-ua 

J^l ^ J>^ (jSJj *5LL^1 Olj 2 LIjV1 


> 4 1 4 * < a 4-4JJ—s 5 Lj_->. -ij-CXJ (^j J j M | 1 

*4 

^ 4l^l^l Sj^Lill "»l]j 

^ LT t. o" m Vij ^ • " < ■■*'* i * 

ciL t -iA l Ij Bj-lli ^LUj 

(^JoijJl^ p^l**iTi / ..i 


ALH 84001 ^^1 jC 


^1 t—flL t^rA ^ ji_>. 


l<LJL,nll 


>JI t--flL t » Ji Ju>.) ^ 

^ 4 - , a1 ^«—« ^jjSLUj ALH 84001 

cr^J i silicates 
«• 



6l^ ^ 


oKokJl ^j! cM- jj or i^\l (Jj^l J^-ij 

AjL^i 4_^Lc jLtfiu iorthopyroxenes oLL-^^j^^jjjVL 5La_i^l 
' *% 

cjlSLjJj-uJi 4_j_cuil 4 -a-j^^ c.tA.tiu-1^ 1 

j— aVI t ^ ^L_*J1 (jy^^ • ^ ^ 4-iqjJl_^1 j 1 <LIijjL^>Jl f.\j-j-u Cr^ 

< t < 1 ^ I 4Jl.(uil^J JlU t^^._Lj_A >.H i j J ^ I JLj g) J I > £i i 

*• •• 

d ±ic d I tl i tt djLjb 0^9^ 4_u_i_S-j>. ^-A 4 ALH 84001 



(J-/UVI J-4jL ■Ul \ o ) ^1—«JLjJt (3^ 4 ALH 84001 J^f i>» 

«* *♦ 

^t;i... Tt. % 4 ^ ., n j ^k * ^ . ^ Ju JJL>o CjLLcc J j t /i It 

• Li^y^)) l^iii ^1 M .Ltf i ^4 1^1 


djlji ^ 4 J>jSL<j mineral deposits ^jut^ cjL tjjj3 
jJL>Jl Ljo-^^ ^j_a_juJlSJI Cilj^ 4 -L 3 1-4.1/^ (jAt i ) 1 ^ 4 ^ ♦) 4 W.ujJH 

4 ^^x-fatur.Ull djj^j 4ioLiu;^ ^1 (.-uIaI 4 11«(IIj 

t ij Ah ^ L/ojuc *^^uu3Ll4l1I La^mJ c jX\ jI 4JUJL^1 jl 

4^Lu^iiU Q^-4-44j^i^ ^^LL.^.,4 ALH 84001 ^_y^^^,jj(JI ^^-:)t:>JI 4jLl « . 1 Lo^J 







6 jjuA}\ ^ 6^9P9Ajr^^lj| 




5^^lJa_<a Cj jjI S^—ulji^ globulGS Ju^Lt^ 


*• • 



i4uu2^^\ 1 ji3«.l^ . 4^1 £LiJLui1{ 

:w ^Jju« cUlLoj lJjJVI i^a ^lj-j>-( 4_sutiaj LAjJLu^I 

cjLjju^L^L) iCjL^Lioj_^Lj A j. j • ,^\ \ cjLsLtjJLl .vlj V t(il—^ijcll 

ij-A ^ 3 ^) nanometers cjIjJL^^LHIj (j-^t jjo o>: 4 ^ ch® ^ 3 ^) rnicrons 

U^-JLo J_^ ;^j_!L:tJ ijj^ ^.Ui L-flJl T 0 4.jus^J1 U^ 

strands * j ■ ^ iS^^juui c*?.*,^ 3 4 x 1 I ji 

A^-iuui (3^ ^ 0 * ! \ (^^LcuJ JL^I ^1 _<a^Llil 3 ^ W-3 ^ 0 * 

C-c.^ 4^5t-iiaJI J£j er^td>i^ ^ 3^1 ^^^t^ ol 

•* «» «* «* 

. jILa^LUlj 3 jj£LJLI ^^jULMji JjX. j.^1^ J-u^La1JIj 

Jj-:wj I^y3 Cj^L^>J1 3 -^ H 4_j_dL_iJl (^y3 djLjjJjSUI 33 ^^ Lr^ 

*• «• 

^^-:3Ej>dl jjjtjuo CjLj^^II bcds 4U 3 ^^ ^ 

«» ** 

Asc,\ L-sljLi^V <;^Udi ^ 1 jlJl Jxij (jA^\ (euLj^^jjSULj ^LjUJl) limestone 

31 3 ^ 3^1 V 

jli^l 4 .-l>J1 CjLuI£L!I I ^ *:»*< M 3l^ djl—iLq^ 3 ^ 

gf 

<!i cliffs 33 ^ ^ ;>.^Ji j)^_ 3 t_ua (J-^ 



1 CIjLj^jj^I CjL^^ aicj * 4^^ 4jjJua 3^ 

•* ^ 

CujL^ 1 ^^JLu ^JlSLtiul ci)l!i 1 ^ * 3^ jJ-i-iJlLLjo (^3 (ALH 84001 

«» 

i3L^ 3 I (jr^J * discs 1 ^ tAa 4_j_a!uJ 4_:^j^ 5 -».UtA a 

*« 

L-iJ^^u /•»\ ^1 ^i^jjuj (^1 Cj^ ^ 4 /<iA^t 

«• «» «* 

^^jJl La »5^LljLfl 4_^jju j l 7^3 3^ 4a^^^Lo ALH 84001 

SjLa 3^ ^3^ 4_ajjl^ Sjjt-uo cijLj^.£^£Ll! aJJt 4- U ,aj 

*» 

djL^La-jtil 3tH~^ 3^3 ^l^r)manek clL^Laji^ a <^\ ^3 '^^*** j ^ * 4L^ 

«* 

•• •* 

‘^-Lj-aaU 3jjuU^ 3;U ^j~d\ J-oaJI 4il^ Cm 3jjLa 

^jJL-^Ul (^Ji^l 33 } ijAl 4jfcJ3Jl lLIj j...j.,r-)) 4 Jj_Sj cLU j cLL^Lajj ^^J-JJ 
Llu \-Jt Jljlj^ ^cHjI 1^ 1^ C i A lA)tH >W (jJ! J-tiU' *^5 

*• •• ’ M 

4 J, A «^S 4 j CjLj^J^^^Ij 33-L*-Ii-<im <:! 4! tb 4.^ fl j < “ ^ ^ C, J^J_A 

*• ^ 

jl^l 4—mljjJ 4_jua^^-_iJI 4 _^IjV jljJll ) ^^3l LT^ JL3cJi-iJ^^ 



Ol C' q^slXJ ^1 (.lUjLlj .(J-u.^.Ajil 4. Jd , U 11 

— i M ^ ^Ljj jj LjJL^I ^ iOLj^Ji^^.Slil 4_ji^|jLll d M it i LjJlaLu^J i^JLA 

iGibson j^.. j *i-> j lt^! < ,< . u ujlL 

*• 

cr^! Ll^ oj OJ ) * <' } dy j4>-^ LT^ 

** 4* 

Jl-j-fljJ t4_4JjJl fjJi c^L^Jl (_yi^ .(J_jjua.ilJI Qja j»-!la i CjLj^j^^^I 

J ^ . ( MjL^_:te-ILja»V1 ^ 1 **1 ^ a McICfly (^ISLd 

.((4_j£^^.^ 1 j^^itjuaJ! 

. ji>->-t OJ “ ' . ‘ J> i ‘ut lj a b - j -oj .liLjUjj ^\\l j»Lc. ^JSl 

4JUJL ^l^Jll t^Nature .Uti j ((j..tiull^» a j*1 Ujj^jTl 4j.jJL fc . t i al^jJJ ^12 -a 
^1 1 Vm ml)) lJ^I-ajij (Jj-^ »3jL^ball CjLjVjJI ^J^ ^Sciencc ^JLfcjlj «^jjlJj1-u)» 

4_^jJ A' j j i) id^ 5jlj^_>. CjLjwjJ I V <r cJjSLj Jl3 CjIjj-j^^^LII CjL^^ 

*»UI 6^ tP! I>l2iij -oiiiPa 

*• ^ M 

aijLtui d5^J ^Ij^o«-I ^'‘*J ^d5^ ^ *J j-^ ^ Lr^J"^ tL/V (J^LuUij 

«• m 

j-La-ioi Cx.>o tiJjSLj JL5 4 J t^jVi CjLj^^jj-$L!l c-iic? ^jl ji r< cLjJ dUj 

L&jjl.>' 2'jl^^_>J{ oL^jj t4—j_>iJi cjLijlSLJI ^1 ^^Jli 

oj^ 03j jj;II ^ aIjLu. «Lj^ tP! 2 >Sj >,uPij tiLjLajj 

ajIJ 0^ -ALH 84001 t/jpj' £,Ljj^i cjI^ 


(JJ^ 4ijLtdU cI.<jL^ ^?'*^ 

*« 

• i^l^ L>^ .>^1 jkLolAl ^ iCjLj^jj£LJl cjL^ 


ALH j-:fcj>Jl (j-uj.i ;^JLli 3d>-^^ JLj 1-5 ye-Juusi ^^jJI 

«• •% 4* •* 

f t j ^ ttj L_i_>.^^j_j_>J 1 ^_j_i_^ u(^j-ujLiL-tij)) 4i.Jt.<a Sit j. LuJj *84001 

*4 44 

(jr^j iLuLiLcttij (Jj a iuj *1 jj ) \X'\ aLil jlIj geochemistry 4_^jJj_u>Jl 

4* 44 ' 

nU^itl 4jjJiL>i,U strata *-*1 s .Utl ^ ^ 4 rtln<4 

Q^^doJI ( hid^ Cx^ (3^ tjL^ (jl l£Lj^-ja| tlaAitl Ct^~5^ C4j>*Ij1 

44 •• 

(^JjQ-fcJ {J^i-Ji dijJl^ t >1 <4^ ,4^ ^Jji 4^.-<^i>^i (_y^ ;^1 ^Lj 4 (ji-^ LoJ_lC 

*4 *,44 

Bjl^I^I ^^i l^L^Luijb ^jji a/I t Kewanee (^jlI 

^jJ Loi.^->. td^) ^u (J.fciJLi 1 ^ A tLiAltlj 4-j.lx!i 









'J ‘^ ^ iRicC 5 • /'l ^ I a "tl ti ...j 111 4-^L^c-ait 

Ja J4£. ^ ^ 

*•*•%«* ** 

4_*_^Lj:k Bj^ ,tJ| ^ 1 ^ 4jj-. t ^ i4_Lui BjJI (^)jj^_uit^| 

«* 

^1 j o ^ .j-^^^-IiJi »_/a t t_i »v,j t j 1 ^ tl ^IjjJIXjlH 4_:wjJ jJ^—t-a_3fcU 

‘’b>^‘^' Lk-«>^ (^ L>'-^ LoJ-^ , ^ ^1i j»Lt .4.^^j_|^) 

«* ^ ^ •• 

J-ojili Ludj^ A r.U ^W 4_4-u-i^J^ postdoctoral fellow 

t A a * \, t 4 1 rtli ((Li-iiij)) 

*• I M «* 

4JL£j jli ltl <t i! fiLu) UJ ~ ‘ "J J ♦ f.\ Bll j> j) ( I I Cr^l 

«» 

.liJLLa ^J^qjlH (jVI 4c-^l <Ill'Ll ((LuiIj)) 

«• 

^ \ rtl I I nj CIjLjJLJ t-" ‘ ‘ “ t**/ a1 A ( ) ^VY ^ . M ^ ^ Lo 

(j;jl (^1 > r 4 ^^1 . w ^i n j»i^jVi) yj^i 

CjMj C<lt-9 Lq^ ^1 j q rtll Qjs, CjLL^ c-Jl^BJ (^)^BLi_uL 4J 1 ^**t q.^q ^L^Ibl 

jL>uV1 L^JLuj! unmanned fLia_a jljj ^ 4-^LUa^ cjL^j-a 

«* 

4-Iji,l q t^ A It (."i \i^ '>» t—>lu til ^ CU^-Iulj 

er^ L^j^-»-JI <> j < ij*C ^Ltia-a]l jljj 0.»^t > • i^j^ILi-uj^ 

** 

4-qjLBJt j^j^ ^ (3^1^I (^\ - j^LqJiA^U B^^._i!m ^ ^tl 

lLILIa dul^ JLdd iBj^lLc IjI^jI lLLIj CxjI^)) ijdJj ^Ix. Jya 

j (**(11 cdi j ^Jq o i j j .« ^4£^qB.H j 4j^^Jl!t 4 a j tU \ CjLL^SJI!) ^jji j 





jLd (^jjt I .-^i nj\S>^ 

•• •• ■• 

j. ^jlJI ^L^Jbiil 

D hX ^ iALH 84001 

OjyfcdLiJ^JW JJSj^ ^ 





4j^I 




4^ Cj 


ijLuI^ 


L^i-^ 


t ^ ( 1 ;4 <r uJ i ^JjQ 4 / j ^ (Jl^ 4_t_(il ^ tfTn j-4-flJl ^jl 4 Cr^ 

1^1 ^ ^(^LJLi i>« f-jj ^^LiJI ,>» tj,il J < ur 

«» «• •* «• 

*^l < 11 ^^I JL^I ^ ^ 3Lj_>J{ L^JL->«J JL^ CJI Liiij 4_J_(^ 

J i LaLcJ 3 Jj * ) CajI^ j o ^I 4-Jl ^jl 

(jyi^ 3L_i.^>Jl J.j 4 (jyiiC, ^ii ij jjJ 4jt ^c_ 2 wjJLI 5Llj>J1 aJ, ^1 Jax-i (^I ^jI 

OjL^ t ^ 4 _u2>jJ 3 (^i (jt QJ^ LaL^J 4-.^j) 4 A .4 L-djL.3e^ ^LxJjlJI ^^Jl) CjjL^ JLo^ 

«% 

C-xi^..ar.^ JL^ iL^.>Ji JLd CT^ St-J-St-U ^ I A t Ti a 

«* 

(^1 (jjJ i^j-A ^1 til jiL_3e_j| ^.j 4 ^ (jjjs j. 4 ^11 ^j-jo jj—5t—x-iaJl 


.iLaliJl 4j^.xiJI ^j 4 j;- 4^ plagues ^jJ 

^jl>iJ eiil 1 t 1 (JIa^iJjI i^*jJ^Lat.ti iJllLuLLiL-iLxxiJI ^ 

f^jj^ IJL- > .ij 4-ijuj>. 4 d..^tJlU (^L^Lc CjL^IjJ CjjI Ldul 4 jj_ 4—oil CjLL^ 


CjI 4 j mi *^1Lj {3-1 L.4A£| Lu3jju:a->>J ‘J ^-aH ^ Ia / L^ ^ 1-Ltl 

i^jLc j-^ cjL^^txi.^ (Jj-^ * agglutinates cjL1^j 1>>VL) ^Lo-iuJLl 

«% 

LiJjl j<) ^IjLiaa^VI 3 * 4 S tl aju-Jlit :^l 

' ** 

.((L^jua (-<U4 (jr^ c".<a.ujJ JLdJ *('^)4.a^J 

ALH J-J3E_5tiJ ^_y5CJ^l ^ I \ \ji nh j 4 ^jLj (^l^ 1 4, IrC 

** «* «« ’ 

C<LoJlIc^ 4lu-uljjJ LiJjljl OjjULus 4_ul 4^ diLuul)) < 84001 

J> " _ 

4jwjJ 4^j-4 ^ \ uiiLL^j C4wln4 4j^.itLi^ 3^,jju^JI CjLI^hJI 

iCjU^j^^SLII cjLjj^ ^^^LljjI c< )A ^ i L^lj^L.jtt-4 ciuuiS!^ L^j.^ ^j u? 

«• ** k 

^3^ ^ l)^ *cjIj^SLII ^jkjb Cxj^^Skj i a^ 4i ^1 cjjjI *^jLc, cjjlj 

i^jC. 4j^1jJI 45>L;1,xjj C.x7t^u 4 jI (J^o^U (j-4^ 4«t«>A JUC CUlL£i]l 


** « ^ « 
0 


idj^j oyr t^A tr. uMt o'jjt (jr^ .aIxIjlj LaIj^ ^1 shock fraCtUreS oLaJuuaJi 

•* ♦* 

JL^ CjL^-J^^SLII 4 j i ILA ^i \ 2 "t • I 4-xiju3 Q^UtlLa tciJJj (jr^J 

JLjljo 3 d ^ .rtjj i/iCti aJJti C-(J^£[j 

^jLj pi^1^ 4 • j iUi IjjL^ . 1 ^ 1 ^ JljJLj>»j ^1^ 

i^J-^1 jJ^Vj (^1 j1 JL^ ^LqjJlSJI 4-t-^^l 4j-StXiail 

«* «* 

^Ij <±x%^Ij (3^ 4^^ IjIj iJJ-lm-XJ^ clijp,^! L^)) (Jj~^ 

«* 

[jua 3^4Jl!I ^Jl£L 1 (rttfll JLd^ ciilTxJ ip4J3 (i:3Lflij 





S >;uAJI^S^9P9aJlWui 


QLji <^Liii«Jl 

L^oufcj—i-c,j <<1 t j (^ISLfl ^^_ 4 -u-^ < \ j^LjiJl c ^ 

ALH L>* 4-cdL>J! 4iixll f-\ 

('^)4^j^^JiSLJVI ^^^L»JLlj Lajuuj 4_jjljlL 2I<J1 iL^-ua-stoJ 84001 

^l i Ai t ^ "f .,.i cjlj^j^.siJl 4 jj.^ .^^.AiI i <i*<jj 

4_j_cL jljIi ^ 3 ““^ —j-u^ 4 _A_j^Jl 11 (Jj-jual—AJLII i4 

ijji beams |^j—^ l>^ ^ "CNi j^L_:^l J <t n'j «cjljj^„ l^jyi 

jl cjUjijJliSLiyI ^j^l£lju! jil^ tljjLsfcj L^ atX"^*sl a ^ t4JLoLji 4 ^ 7 !^ cjLjj[^^yj 

jIjGjLj SEMs (^)4«3tj-uULl 4_ujj^^_Il^V1 j-AL:>JLI jJ_-Q_aLjj *c_3JL^l 

TEMs (^)4 ^x 4I 4^jiP^yi Lil^ Ulu . Jl c^L^j^yi 

^) c^Uj^j^uyi Ciijjjjji j^Lij ..lUlJi 4^j 4Ji^ ^ c^Lj^yi 

✓ 

4 ^^ ^ j^ilaJuJI 4 jJ i rt l ^(4 J ^3>41 4^j^^JIS[J^I /^) 4 <> J a.Jm<4^I.I 

•• •• '•x ^ ^ ^ 

^ju S'lj«II 4_^ jj i/-»tl i>jj>^,.^h~j -i-aa gII ‘ -J <j' microscopists 

ivjJ c*ilj 1 4^^ (4^jaJbJI CjLwjJII 1 4 jjjua->Jl t A 4 ^^^^ V 4-iL-juxAi 


*djLlj (^‘411 >Ji a 1 IojIJI 4^j 

«l» «» 1 

4 ^-Lpl 4^1 4 J <»1—ml 5jj-juaj jifai .,1 jl ljj^-3 1 jo. Hlf.)) cJj--^ 

>ljie!Lui( 4 ^ ojjL^ Ly^J ji <r>x.j <. <lli*t 

' «» «» «* 

llAuau^l iAjulAJI ajLib 4JoLui^j .tunneling 4^iA.Aij|j Ajt^Llt jjbL^I 

^ jjO 4_^.> fl L>^J .((^LftJlA^U 3^^-LLo 4_^Lu9| 

j^^UI j^ lAj^ - 4 ^UJJ i Arri.^1 .ALH 84001 (^3^1 

^ •% 

^uai ah 

j^ (J^l l^l .4Ll4 CjI^JLojJLj 4 _yl^ 1 ^ iQ ^ *AiL)tf ^ Jj Lr^ SjjLAIIj 

•» 

<^1 i^Lsc^Vt j.^ M liti IjU^ h)L if.3^^JLtIuJj j^ '*‘‘ 

U>^>^ >aL»Aa>U SjIjI jJi^l 

^ «* •» 

rims L^lj^ jji cjIj CjL^^ u^dcl jt »l, All 

Ly^ ^Ijj-tuJl i_fll^^_>Jl ^ .Ilj^^-Aj jj_tulj (jAk^l : jxj^ olic^L^SJI 

ti>:>.Vi ^ sj^^i ciU^i^ij.(^) jj,jVi 4s:*sjio .^ 1 ■•-^^■1 1 jLLai 
«• 

-uA. CjLjj_Jj^ j^ l^Al„ i. 1 i 43^1^41 j^^LjJ L -CiLu ( JLJJL>JLj 4. jif. L-flij) >ill j^ 






6 Lj» 


4clilj>^ 4_i^jLk]| c-Sl^l .^>j_c^ULj 

jlL! ^1 ielongated iL^tUl irtx^Ul ^jGSHVl 

•% <■ 

L^ i^ iOvoids ((CjLu-oluJI)) ^^ 




^<J ■ * 11 j_j>«..>JI ^jj» OLu-aJI ^ jInrt1 j*JL-^ “LLyl (^'ttl jl 1 » Cu^la^ cUttS (ic3j^—>at)t 

(3^^ ij^^{jLj^ 5j^ iA) t .ujijfl[^^5LiXt cjI^uIlju OLcLiujI L^ ^ALH 84001 

^~i At ^^lUI j»LujfeVl Jl ^\« 4Jjl3 p i3jU,l ^^LmJI shelf 

‘*‘j ^ '* ‘ n ri it _i 1 1 ol I Tijl (^ji>n j I n l^ l SLSi 

.^itLuljii "iiSiS^ Ojij) ir*» j 














i±<U_r&J 


^ c^Lh^I 6 ^ 

Lr^ ‘(Jj I jufc C?^ 

xAj ^ ^ lc» Ltl « A A cZj Lj^ ">» ^ 1 di LjLi L^ ^ j cIh® 

V Lt^ ^LSjJI 1 ^ /C \ ^1 ^JLt^ i Cj-jI^ dLijua_uJl ^jl ljuft 

tCjLpia^l diLljl£Ul dxjL^ 1 lil » jLJJLStItil (jr^ 




jlju^I 4 n 4-^^l_ll) t**A ^ A ^ I CjJl^c-jlII ^ ^ 4 j ^ 

I—^ Lja_dl_»_>.I / ! • 1 JLj>. ^^-jLjt-aJl inanofossils 

. J^l cjlj^jjLJt cjIo^ 



^^ UjJafl j^Obj-SdUA iALH 84001 ^ ^ ^ 

L^-^jL^ ijji dJL^ jjL^ i^ULj Y • 

iIjLj^jfjiUl wLi^iLi ^ujvjL3Ul L Atj ^ t ^ I.t->. -^"i /r 1 ^ n ^^XaUus 

\* .J 0 . L_Jsa-4U L^jla jJu 4^J> _>) JiSL^U a ,\c ;ALH 84001 j->*-^* 



.(^(iLu;D>i Ijdo^D y •^ \ ' (jrU L^aisjiCj 








^>aJl 


>iM 4. Iol i.i^ J ill ^l^Luil ^1 4,^ J ^ 4 • j it^ tj 

Jl^j *Cj[jjAj>- VI \-A o L ti l ^5 Cji-fu V t4_j_iJbjVl 
^ «* 

ol j 4.1^ ^ 1^ II ^l.t u ^VI CjL^V Ij^ i ^ i (jj^ I »i-t .j t**j 

^ ^HJu ^ ropelike JLtj^Ilj ^^.^>,^111 elliptical 4 ^IJaVI JlSL^Vl 
3jl^^_a ojju ^ ijUb ij), 1 Jl^J * Cjlj^jf^^)£Lll ^I ^.4 Tlo 1 (g <^1 

iM 

LaJlLc ciJLij 4^ljJ ^ ^^-^Vl J!J-lJ 1 *Lu>^ 

i^Llj) Jo^taAll ^Iju^l Ijiib ^jLjujLuiJ .I 

«• «* 

f U fc ^ 4^' ^1 tJ < nJ \J LT^I (3^ ^ * Ol ^([^Vl Loi 



^ l*Lu^VI ^jpsoyt jH5-?abCiiaa:JI^I5j5uAlldaA 

treplica Ju-sVl a-ir .ALH 84001 j->^' 

^ 4 -sXI >^;a^j4ac;4 gjiUXiA^ iuXri aX^ Jja ^ 

JJL^^ij ^1 iCt iiuyl SjL^j A tw .• 

>laii/j ^ t .LA*?jJUt JjJa .Obji^JiSJ^I ^U-j2» Jju4j jliCdl js-*^ decomposition 



I 


«^Li^/Ij)) ^ ^ (JliAlO I 





SjiunJI 6 ^ 9 P 90 jr<^All 


?ALH 84001 ((CioAll ^ tSlUfi jtti lill^jC j*« ^ ||C 


1 JUb i4Ju-u i , 0 ALH 84001 ^ <iC. 

L^jI 3J^jvjJLl CjLj^j^^I CjI^^ tiaAa in^\ 1JL^ 

*• ** 

i ot l ^ iC. ^jLxX! iflccrction 4 ai c1)L<^ 

« “ 

CjLjj-^ ( •'fK (V^ (J^ <(-LU (j^ 'O^* i) i ^ 

i_iu£j S4_L-o jl» ^1 4 Jluli 4_jjjJjLfl CjLi-i-ujIt^ jJjliiJLj CjLj^^j^^iSL!) 

^edJj 

ri->JI ‘lP=jV| 


jj_>Ja J^c. CiLjj^l oLl-u/jJ jU-tt 

A 4s c_d^^juJi^ L^JLxij A^j-^rvVI 4_p^l cjL1jI£LI 1 4J^i3i>^iLo 

«• 

4 I I ill ILj 4_>>LILo d A A Ak ^j£[j , 4-4, >J1 CjLuISLII dJub i ^ j ^ O-uul^ 

CxjI^ Lo Bjl>> lIjLL^LLo Ll».^i.h! 


4 \ aU "t d Oj J J J T* ^^ .-)i fl ^ lLUjlI t^^^Lji^l t 

^i-3 iLlaj^l «4 «_JlJ.i ijl c r.Vl JuJL^o 

*« *• 

^IjJJ 1 ^11^ ) 4 * Mill ^JJb f^_yA ^LitJJ 4 J_AjU3 CjI 

•• •• 

Ltinjj 4 • [ c VI i'oLftp^oiJ 


V « 4., i,<r>^^— lJ I ^ Lp^ JL^ ^ V\ 4 JU^^ V ^ 

4% 

^2>>a L^_tuLi^ CjLi (jr^ ALH 84001 jj:stt_>Jl CjIjj^I 

44 44 

jUD CjI.J_4_^J it* - ^1 1 * - 

lLU j • 4.2 j^4:3JI fiJJt 4^Lua( Lu3jj3 < AV _ jA Ij 

djjb j! ^1 \j^ 'Lj^ijjm 4 K « » /t L^l)) cr^4 

*((jJLuaJI 4jJblJLL4 

d-T ^_yJj lZjIj^^LII j. 4. ^ JuJLstJlJ ^jLlLAilLse-A ^LjJjLj^-a Ojf 

^^LULII ^JL>>j CjJJL>. jLo-d . 4^^,%jLo 4-3 >.jJj 

4* 

V , ^,Tr. ] > i((^j.iu(jLi_u)) Sjj-iouJLI ^ 1 i ^ a 

^ < ^‘1 <1,1 4_t_a..>JI ^Jub ^^^SLILuj- 3 <<iJl ^ /»tl ^*r» a 1 I < i » 1 /> « 4- << a 


jL^l ‘JL>» (^1 cA^J *5Lij>Jl 4^1ju JLSLJ/I LoLdJ 

j-fl-SJj JllC. 4-j ^JLluJlj jJi jJLj>J1 jJL^ ^1 gitil jJjla-SI 

qjA jjLuilt^ (Jj”^ * Ll3l \ Lul > 4^ 1-4^1 tci)LjwLiju_< nVl 

c^Mj T ,1 >5tlj >-4^1 ^a-Sj ^1 i^i 



^jaJI Slop oc tflipJI 


throwaway 4 »jjIpb-.a j. U> 4^ lmI ^L^)> 4JL<-u 

«• M 

JJL5t-4 ^^-<s-c 1JLA Jj^5 ‘ 

.((^ ALH 84001 jL^tpJl cfJL^ jijj 

Jjjac-A tj-pSLj jJLud 1 1 CjLj^jj^I CjL^^SJ JJL>» (^jJI j^jqjlJI LoI 


Cr^ 


iWadhwa Ijjlj ^ J^ j.«jlII I jjk g’lMMil jlSj ..Ulfl ' •'''^ 

jjfcj tLugmair ^ 

*• «* 

J^^J>J1 ^ (3^^J C>* Cr^ 4_t^L^ 

«• ^ 

4j^I 1.>JLI ^jLtJll <-4i4 a_i.m f♦ A 4 44 LaI mi 

«• «4 

Jj-dUsj iPicking microscope ^ij.Vu.iLj « jljjlpJI 

cJ}-c. ,^jLiil 4-^ ^ L^Lua^j cjLj^j^I 4j|ji)/ ^magnetic separator 

^ 0 * residue ^L_ 4 j (>xi aIj-^-^ (Jlj-aj Ijjlj 

j <q.aJI ^U^L->*j T\ AV— ^ -4 *1 < 4 it l 4 j^ 1 4 j cJ-^ (jjo ^ j) jiU 

. 4 JLuiJI 1 ^**<^ 1 t^ x.LM ^i <tl 4j <rt 1 aIjl^ILuIj 

*4 ^ * 

I 4JLlc JuJlacJI] 4_2.jj.laJl aSJt (..<1 CjIjj t <^II Vj 

*• *« 

Lo j iL^oic (J^4ju (jl 3jLll 4 1 j^<4^!1 II 

•* ** 

oi! j ^T jjl Ml ~J J JIaj , Lajj^^cu-oj (J^\ jlr . 4-2 jjJaJ1 

4 j is'^^ (jM b-^b j-42-tj)> 4 Jj-2j 

JjljU ^j-c, CjLj^^jj£LJ1 Sjl _« 4a ^jl "< 21 ^1 t^ljl c. .CjU^^jj.£L11 

^■ 7 j~<'i 5^ (^' ■^'>''' (> tMaskelynite c>,jmK<»UI 

. i-.ji jKixi lli j^-j-t ^jL»_<o cjU^^^£L! 1 5jLxa cul IjLSs .cjLoLLuj^U 

[b"^b] 4 _Jjl- 2JI CjLiuji^ 211 ^jj * ^ 3b^-3-^ ^ j c. 4Jujj Qjj_1j ^ , T^ ^ 4 c> 

2Kt,I ^jLdb .^J^LjI! ^^.caupcj 1^X1 i2jl. 7 <. 4 4 L^^LjIpij I 4 ^ 4j I . 41! 4 2 ^ 4 j 

I j. 1 ^ 1 1 ^4»!i ^jl)) JjAjj iljLA b"^b ScxjJuISLjjLLI cjI m 

JjlJj ^ cbtjj .42^tJi-A JiseHl ^ ju^j imodel-dependent 

.((LuL^tjl 4 jJL2J1 jj)^4*uII IjLA 
>401 djljjjj^l CjIjj^ j 1,4.^. I JuJlpo )) ^1 (j^! L^b 4 la 2 X! 1J 

4_3c.jla «*< l2lj .« L 0 L 4 J L^ i3bb^ jl 4^ I JLP'JJ V 4.2-jAj>J1 • 4jjjljlaJ1 

^ t ^i-tli xCjLijjj^i >4_ti b^b 




6jiunJI 6:^3P9aJr^:sUI 


^ ^jljj Ijjjb^ &4 JLjLl^ ^Ljja 1j^ -er-^ 

^ «4 

^jy J . t J - 4 Jl4-u ^j_jJb ) ,T\ ^LlJIj . 4jJJL>. (^J-Il ((^ jt )) <jl^ tCdULUj 

(ciJJj Ijla ^ A ^ —ifl ijitjL-^ aJLIi <11.11 o\ '^U (jl Ljl4--<^ 

3irt**( 1.11,11 CjIjLi_l1I i^jja jJjL^I Sl^Ll^^Lj jj )\ olj^JajJl^ 

4^Iru u ^ijLcuJl J-iS (jl j-JuujLi t4^jjo 


CjI 


JuJL>iJ ^jl LLo (^Li 


ug-^ U' ijr'l ^ 

^ 1^ ,yS^ ( Jll ^ o T lx-uJ JL^J * 4Jl4^ 

^ ^ ALH 84001 


(j-1 cJi^jJll ^ ^1 y't ^ jjLJistj ^ ALH 84001 a 11 

oL^ (jic. c^ v^'- 


er^ 

** 

^ C^UJl ^ 

*• 

. SjLa 

\ 


L)|^ aC ^-u* ill f^jja JJLC. 

4# 

ALH ^jVl ^^jja (.j ‘ .>^Ni jjj%_43 jj^ 

«» *» 

f^y3 Qj^LS*- Lp \ i^tJjJll (jj-Lc, 4-4 jJl5 31-ljv. Lr^ 84001 

LcJjJ Lr^ (^ ^ i-j > o CjLj^^ 4 3 j 3 ,.'>j 4_*<dL^ 4jLi£: f l i>> Alt 

** 

.4 313^11 magnetic minerals 4j<.Hl:>UjtIl ^jUIl ^ i^>lj 

i Cjljj Ju JL^U diLi^^^-jO (jy-A 4 j 4 <1 jt->l}« Li ^jjLjtii 4r \ ^1 

t., »j^3 « . t ,j j <3 jj-3Jl/s ((4-^..<.*tjUl if/q Jj3 ^» i^jja ^jLaJLI jj j)^33j * sulfur c,<j^>-j£L11 

^jl Lo Lol ^ I iijULlLII (JLzfc-^qJJ i3^^-_jJLu;s 4 Jju 3^ ^>^1 ij^ ^ 1 ^ ^ 

«• 

JlJuq ^jj-uaJL>JLl - 4 c7j3 >1.11 .9i ij^jLSU 4JLAlL<a jl—t^L^ ^Juu 

*« 

LT^»“^ LT^ 3Li.j>JI ^ UoUjI jl _ ^ ^jJLx. ^ 

j . L^j 4_i^Lx 4 j I a..Al:> LuLq ^ ^ ^ j Ls 1/« t, 1 c LrtluVl 1 ^ j < 

^jlII itcrntin ^^^s 1—lJLo^^-j Lj^^upuSLiJ 1 ^jl^ jujljlII 

M 

Ji 

t4.ii 44ljl^LdLJL^ L^JLq I iCOrC 4J ^ ajjjJl djljj 

** 

L-^jj i(jyT' u 4 ^Vlj jujL—>JI ^ s^j-^ 4 magnetite U 1 L^l 

«* 

M 

j, ^ ^I Lj dslj^^j^^Lli c-c^-JuJl^l (jy^Jj 4 j <<1 jl^Lutll ^jLjiJllj 

*• «« »* 

4J^ L^-^O Pyrrohotite 4 C*j1^U1 ^ 4 ALH 84001 


^jojl UAjJI 


^- ^^ .^IjulII ^jjLtJLl aJJb ^ ^jSujj . Jul^OJI 

** 

JU-i-oJ^I tC < J i J . <^ m *J—4 2 J tf >• •JJ ^“ ^ L^JJ^ tlajiu 

Ca_tILil>-lJLl4 : LSjUalLA 1 jjj 1» >o * JUJL>J1 J j iil m jJtJ iLZu->:Jj^\j I JUJljkJI 
CjIj j JJj5j J J > 1 i '>• It tl>iji jj^ 4-Jjli^^—BI CjI JL__>.J (j-A 

JLJJU>J1 Ij^ cIjIjJ cLj^Lj 1 TU CjIjL^^ \ t(2yL ^ i m-^ Vi 

JljJU>J( oljj ^jl i»L L-jjjjJlll 4 CiJj-jSUl 

*r •% * ^ 

t rtl**i 'x.s .^t 4 .^lu< jL^Li.iill 

Cx^t-Ajjl (j^ ^^J'i-as-ui^Vl CjIjJ Cul^ 1 aj 4 (l^rt ^ 4 j ttiL-ti! 

^ TT ft% *• ♦ 

.^JuJLl JlJjL>Jl ^ 



- ^juiLo^ 4 -i_tii_tlolJuL)Ll ^jLaJLI CjI h i > » 

4 ^ 311 ^ 3 : 1 : 1 ^ ^.ALH 84001 Ja 

^ * *ir •• 

4_uai^LliJLl ^jjL*-li CjI^^JLx^ 4^j < < aJi ciiljj 4jjtSJLl 4j-tll/ 

jJl£Liiulj Cjij c «.4. < t 11 ^tJ<4 -jiju3jV| l^ ^T tS L i i! 

^j^\ ^ .l^j:x£:ati L^c^iIj ^ Jla Bju^j-a 

LaJLjLO) 4^^jJ 4J1 J)i ^ 4 i « J ^ CHJL^ ut^ <« C.t ^l—Liiil 

^ ^ ^ IjL^ i^|j[^_<li-l,l ;* J j L ^ *^ ^ ^ 

jljjl .cu2jji JJJ^ A^^)Ln[^\ L^^jLAiZ^^Lj^\ 

m ** 

1 oLj^Jji^i 4-Ujd-^LutXI ^jLlII 4_^J f. Lj.4 (JLjI 

^ * 

•«[ji>*'* 5lja» (ji^- (JJ-AJ (^jr!^' 

t (CxjJL-ujKlJLi (J-L-A jLj—^L^l jl^I Ij^,j “i^.jii 1 _aju£. 



^ A J ^ 1 ^ IjJLX. jl C-u3^j-j-^l JiJjL^l CjI J J rtii .u 

\j \ ^ La^-4-u-^! J ^cj3e.;>JLj 1 t4lj-ljuaj| CjI < n jlrvLuLlI 

Polytechnic 4^3J^^I 4_^ ^ ybj iFrankel J^l 

*• 

(^'^)^|jU cJJt jJitAJ)) 3 J ** *" ~»* 3^ C^ ^^3 4-*jLiJ1 

1 ^A ^Lij 4^'v djLcjlSli dj^ixo^ (.fjLjJ *(^^)4 .aj 1 Jiil djl.f.iijl^i <»U 4 -xu^ L l^ 1 

Jjjj *^3 *((4_Ji JL_>. at JL^aSLJI (^A ^ >*) i|jL->.lj A 

q3j^,jla ^ 4^. < < « |X JL^tJLi-uJ ijj^,j*t!S[.>„tI ^ 3 ^'^ 3 l15^ 

•,-1 

.ALH 84001 jjteAJI jlaLIuj cjI^. xhijpi l-sLajudI 




6 jsunJI ^ 


(^^n jlrtLl^ti ^1 jliL-tiuJi-uiV 4 —1 < >i j .I oLL ^U L^jLjl^ j^JLseZLuu 
ij$^ V)) J>-^ * Ji-xijVlj c3£> ^ ^ CjLajLiJLI oJJb (JiuLuij 

(j 7u »*< 1 ^Kl 44^jL^| 4J^i.<.j< jJA-<-oV 1 (_;,l£.Vl ^L^l Lj^^-pSL^ 

cdJjJj ivertical chemical stratification 4j ^^jIj ^Lj-c^ 4-SjLla^ 4a3 ^Lc. 

^1 4^1jlJ;J 1 Jl^i ^ Jyju^\ ^ Ujl^Uuj ^S/( ^1 4-3>JI-x» 

4^j 4Jt ^ ^> Vj - 4.4"<t 4 7H“^ JlLa 1^1 ^ .((L^j ^Ll>,j 

L^j—t_l!l ^ 4 JSLI t^ j) 

4j <iti ...t t ^ 1 4-2£p(d 4jt^^» ciiijLjj 4j.A^Vtj 

jJouL^ (3Li.>Jj Ju^ (jr^ ^Lo^l dh^ orientation »i j*< aVI <^.UrLOj 
«• 

♦ 4j t tul^LuiJLi i t i I^jja \ ^J.<MC. ^LuI 1-4^1 

>7^^ (Jf^ cjLjjj^l cjL^ _ ^jdwLjo^ ojlwj ^^^3 

** M *• 

3jL£.Lia a ^Lua.^11 ^jjjLjl^j ■ ij-d-o <^<1U ^ALH 84001 

•• •% 

^jjLm ^ biomineralogist 3^3 ‘Vali 4iJI 'Ls^ 

4^L:x ^ ^ i jJ^Xl <^1^1 CulijKJl l .^ ^J .Ij 

v"<K<«*> 4 <>n A Vm 5jlj_>Jl CjL^jj < < 1 <ii>j .(IjlIL^^ JLjjJIjj.^ McGill 

JL>>t ^jA ^ (jr^ ^3 ^^^3 (juubjdi (Cjljj.^^^1 CjI^^ 1 ^ ^ 

Ha 1.) i ill i JUJL-^JI cIj 1 JL^Lp..i^lLu L ^ 1 I. i K A ti^ M i t i i 6 ( JLjJL.2sJ 1 , i t * ^L_^| 

^^oiiSLIIja t4_pJl J. 3 C. 4.aI^V1 \-MA [ AJ <^4t» 

*• 

1 <0j ir. d>^J * JijJL>iil bVjrtl I <ij JujL^^Ji J.j i 11^1 (^ ^) 4^L>.ULI CjVL^hJI 

«((4 djlj^ Ct^ ^ ^ < ir 1 0 ^ il^ i La-^o 1 <i Av J 

t i J 1 Mil ^uu^A-^euA 2jlj^ CjLkjJ JlIc C.<.)^S[j CoL^ t^LliljJ 


^jA ^^^3 3 j..i.i>,d3 ^ISdoj 44jlj3 i^ 3^^—^33 ^^Ij ^33 ^jJlLuiI 

^LubVljJ .4-ul3jSft 4j^^.%lLlt JUjL>Jt JU^ii^J jLJjL>Ji JLu-u^f 

- AjJoJiiejLA pH «.ljbLj dlLj^J^^^l TUiJ ^jJ.>JLI 

JLtALujJ C&jILuJ^LII (JO^ - 4.JU3J-» J> JI i^jA I J UU) ^^jA 1^3 " i i. A "^3^3 ^ 

i^_yXOL4>* Jjistja 4jLjjj^ ^LaL ll t (Ij JUJL>iit 


JjJL>Ji J i 3\< <ij JUJL>J1 .,\-^fau £^1 Cjl-Lj-Ldi. (—dLukj^l d)^ iIjlSLaj 
«» ^ 

4_-ajV 3 jl_>.1j : jh*! 3 h V A (yCl.A, .k\ •^ 3^3 3 j • 

ol-^ ii.ilij (^1 4 _bLju3VLj 4 j >j Ui «* 11 ^jLaXI ^LIjV 3j->.i 33 I CjH^j^I 










L^Liiaj l-^L<^j L.»AiJl>-I <4 j Ml jliLLfct,i JjjLjLli jj 

«k ^ 

i ^ ^^ .CjLLi-^ L^LlIdI L^L<.it.Ia3 ^j i JljiJl.>JI ^ < a 

^JjLliduj ^ ^ ^ i3Lp>JI jL^ cjLu Itlj cjLuISUI i Luji^ 

«• 

t4jj_tfu_Jl BJUlIIj . L^ji^ L>^ 3 j 1 rt" t fi^^U 4 dl'^i >iU Cjla_}^t 

I ^ j 4 (^iii ftj Cj^ <7 ^ 4 ■*< j 111 In rt*< "^t) i^JLAll 

1 a1 w. ‘•< K\ ^jUa cdJjJj Cjju3j-jlj 1j1 Cj_5-xj (^®) 4_ijlj^^Uj 

iCjl-j^J^^£iJI 4.^ ^ id I., Ai ^l^Llt JLJJL>Ji JLiALjuj Cxjp^jL^m 

*• *• 

ji ■"^-Ljj .jJjjJoJI IjlA (jji ^ 4.:pJl oLulSUl 
CjIjj-£^ dlllJ 4 -^Lui, a 4 j <(> j ULliLq ^jjl t a ^Llji 1 ^ j ti l 

JL)JL>J| J .t^L IIJ JLJJL>J| jLia 

«• •• 

. LaL4J .^M ^ 4j) ^^jJI tVj fl it <a ALH 84001 

l_^ji^—L^ ^ t Kirschvink c(i.u a j ^ uiujj) 2 j 

*• 

-ul)) ALH 84001 (^1 .('■^ 

«« •• •• 

Jl^ c*jl^ [4_iit^l ^>a U? 1-^5 

.<{(^jLc Ljl£La tl)^ * 3LL>Ji 

(J-o-AJi 3 jljjlc. jji ^ ‘ ^ lt^ 

L_dj-JUj 4-^t rtli ^Llj ir\\ I 4rt j 4^1 

^jl 1 -<v j A ...-ij djjjljL-aj (^1^^ j (<t jlnl It 11 ^jruJl « U 

*• 

tiUj t^i iM -11jj ^jmJj^ * iJjlAILj \Ji j Cii 4iii.l J ^tl 1JLA 

** 

i^jM^ 1 t tj j A it l C SUuaL^ JJ iti Schopf Lul^)) 4j^JflJ 

«* 

Ljjlj , 4^J flU U Cj1_a^ 1_C. 4 ^ ^ 4 t3^ln 1 ^L3JV 

jL^ structures 4 ii<j ♦4 jl13j Uj 4c_dj-ii 

4ia-UjJLl 4.jj-tia_*JI JL-^ * (jt 1 <Aj t 1.1 i l r . ♦4-j^ CjLljL^ I OJ^ 

I 1 ‘^It 3 j ^ ^rn <<n ^ < ll (1)^^ ^ ciUj ^1 »((I 

^ 1 ciJ LLa 1 (j L^ i ?. i i^,..a.iJ , < <1 LftJ I 

«* 

^L^» t-i Lfljij «4.^3'^-A -aJI CjLjlj^..»«J i L-dL-cuJL^I 

«• 

b i jjj-fljLu-u 4 jl^L^ t^VLAT)! ^Ijj-4^ - 

i-j-i-uj Zare jlj jjl ^ J-^-aJI LjIjlj 1 jlJ ♦Cjl^^_ujj-illlj 

.<( > ^^o ^Uil j^j ^ Clemett 




ALH 84001 ;y <^U jil «AUmCI| jlj 

j»L^Vl 4^ljJ I^ji) Ct^ Jjlj >iJ>J .jlj JjLlIoj 

: (^1 <UJli a-al .(''^) (j>^l 4j_j,t ^tjLiL:Lo,lj ij^ 

0 it I I ^<il:y <ill ^^L>JI Jl (L ' \] 0 All". /. 4 .jljoL^cj I jl " < ■*) t i Ir^rt ^ 

i^^yLc. iJ^j. lu^i ^1 2L-4, ai^j 2U\... ^National Science Board 

** %• ^ 

cki^ t(NSF) ^^IaU ^LuMmlM^X i 4.XJJ » i ^ 

fjjLAjO JLj^, a jK 4 J(jJl^ jlj jjj •SjL^::tJlli CjIjV^I ^^UJi ^ \]\ 

4 < (j.5tJl!lj i JjUSjLa 4-jl->sL_:^ »Ij^ j AHj »i j„<n jS.li ‘ ^ jatLAi) 

^ 1 *ij.! jjUsi^Ljb jL-^ ^ L^ji^_a^L^ 4 .jl^ 1 ^ j L-djtJi cjLb^ljjdl 

Il^crschFach i j-4> 3^3 *^4_tJl_idu^ v u-d^^a^ULl 

SjuljJl 4il_4_£:V I^JL_2 j \ \K\ aLjcJI 4 a i^l-La J-JJJ Sj^Lzw 

«« * «« 

. 4uul i.^.t^.ti Cj^L^liucJi 
«•«*** 



jlj jjJL>i_a ((jLuoJI ^^1) Clemett i((jr}.«-^( Zare jlj jjLLiJj; Jjo JJ jLS 


ALH 84001 Cil 









>^J 4_*->oL^ \ ^ J c J.<-ix>w dljali^jD LstLttlLo 

^ postdoctoral fellow ‘“^ J^j-^ UjLc, jlj (_y-Ja_a 

<-ti^ui.iLi-uLo t ^ ^Ij 0n Ijl^L<,i,i a jjLLul ^ a * aI 

^u * < ^tj^-fcujLjLuLQ ^ ^ ^ LaI <ir> ^ ^ ^ 1*111 A h-lih . (NllX) Ljj>.^^^J(S[aij 

«• 

^lr<->> I dbi^^^3 cJ* 4 -jlS^J<jO ^..j^ (jy ^ 4ilitf TfiMi a l 

*• 

^xU" t f»t ^ CJlLI JL^ Cju£ « f L^J-Ali ^<n J1 CllV^I J:>.JL^ ^1 

i JlJL^ti I^\ ^ ti.LOittlj IjlJ^ tg.1,.^4 s .jlILt^jC iC^^JUi a) JLSbJicjiail 



fjL_u^ ^ t^jlll L. < li^ti fuA jJ>j 1_tjf ^1 Cjr^ 0^-^ iC-U0i-^>Jlj .'y flij 

uW u ajlSjV 4-^1 ,saa.c. ^^1 , stainless steel 

«• f 

(jU LojlIc.)) . Ij^^jjt-o 3’i-^j (3^ jlj «((j.I .irf^tLj 

^UJl ^jl iLjLjJi L^I JLa ijLxLw ^_^|j Sjij-aI] Lbj^ (^jd 

Lr^J 4 jl-<oL:^ ^1 L^(JuiIu-o^^j^L-uLq -iL^t A V 

%k 

^1 jLstj-tjolj tjjj 14^ Cr^ ^_^L2lu^l CjjuIdj i^LlII 

^JlA C-uL^ . [ lA^JJ tg.!^ j ^1 ^Cj-u-Sj CjV^I 

u.mui^ -*n,i <L. t »L>a 1 ^ f ^ j ^ Jl (<u^ ^ cJ^isj o-S-a ‘tP'j-*' 

gLj^g ^ 4,« 4 LaJuuj 4.jl>»L^ gL^-oJI ^4 4< 4 

j ^ jAi j- » jj gLj 4.j^l ^,44.a ^| 

Sdi IjLui^I jlj ^ujuot i Jju (J^ (jAjj^!lJt 

A l<Sj Cju£)) 4jj_^ 4jtxL:K <»Li.Ajot (^jJI jlj j^jCu 

«* «» 

jjld LT^-^ 4-^l^>^.^tt c—i ^IjJ 4Ltxju9 CjLi- 4^ 3jijjL». 

5 j-A JjV 4^ cufJLJ (jjdl ij[SS\ >A tdJj . gaseous phase 4^lJdi iL^jIl 

^ ^ ^ ^ «• 
jtj .UVV j»LJI <^j « gl—(.4). ^Ij gljJ^i ^Li ^ jlj l. a uJ^ D^ m 

SjLstJiil CjLVjii ^j>.L4udi ^1 JLdajjU J-i-4 (J^jjd 4 jL^ "4 nVL 4iiifl*d 

«• 

lLIjU C^jjlzkj-^ jLlodu) <■ <,<^ f.a (jVI ^J.t 4*40 <^4^^ — Jjj_^llu-o 4.<->aL:w ^1~ 

«k 

jlj J J ^ V 4 ^jjL» ^jj-i-aj <-flj^ i JjLa j-pife-xi o^J3 4gL^j5 ^ 

La 4a^ Ji-lj oL^jil ^ 4LI^1 oL^I Jjl->d ^_y£ ;jjdl iZarelab 

•• •• 

MaJlj>-i_dl (jLLaj tcLlJj ^jA . 1 ^ <«iJL jjJJ (j^a 



^1^ 

(jjfej)) ‘jlj (Jj-2y .4 ^JLj SjJU3c- 43 ^jJoLua 4^jLlol j)j-4uj_ixuJ La ^j_4-t4jJL}J 



SjAjliiJI 6^9p3ojr<^^lj| 


. ((Ij^ fi^.a 5^ 4-US*j aJJb id i iu,U 4jlJoI ^Jliduau 

jlj ^ J-jQ-C. ^LLa£^ \ jir CjLio/lj^ c^Uo t C<j -4- jK (jj ^ juu ju <J>-2j 

llUju .((tLj_4^ uj-^ Cy^ l^j,, ALH 84001 
•• «• 

>1^Lpi ju^ <^^Wj l>^ u1 

.4^u£ea^JI 2 jiOjLi^Ij 

M 

(, ^ l j t J-uxdJ 4^^-uJj jL:te:>.VLj 1. a Cx3e—Lua))) J>AJ 

«« 

cr^ '■>>»■>« ol^ iBuseck 

«* «* «* 

jL^Vl (jr^ JLlj i('^) 4 T l-i i » SjLwi J>L^ Jjj^LI-4-u 

«• 

Cy^ (J-coj L^V lLUj dj 4 -jL> ^ *j- ■ -^I tL.< 1 <<i!i i^jC. 4-jjLj-u LdJu£.j t4-a^^_j^l 
dJLA 4 ji^ ^^^ y : 4-JiJL_iju_}9 _lia—d LiUj —(lutj d!l 

*• #» 4 M 

1 d ^ 1 A " ^ d tiJJj ^ <it ,:w I \ d! . 1 ^ i*a iS^ *Lr^ (J1 d fl Sjl TT >.Vl 

jL:s&:>.Vl jJLae^ C< i < Cr^J i L^UcuIjJlj 

^ «* «* 

jLjJlII oLju^-^ 4-4jjijJLj 4jMI3J 4d^'L-dj jlj iaj. j ^Vi oij) << >JI 

idJuJL^ 4_^^^ ^..di.. ^'y...^iJt 4.1^,,^, C,A^—<Iu )^ I 

■ •» «* 

CjLc-L-ijjl ilaj (jy^^ O “ < CjIjjLLs 4-:^jJ ^1 tdJujLji djlj^JUJ 

«• 

^jJLj 1 (j| •> sticky 4 j:k^ >1 JLscILuuLj ^^ • A'y.i ^1 1 ^'X dJ 4^Lc 

*» r 

Llil)) ‘jlj (Jj-^ .jJxl^LoIIIj ^1 4*i aVI Qja IjJ^ < 1 tr>’<j jlj 

(J.d~<IuJ t((4 i A J-d 4 ::kjJlj d 4^ Aj <Lc^ ijl of;. Id L>^^J (J^ ^ rt.t 

ol,.u ,» ) ^^LUJI ^jLd—dj tCjj juJLl 4 tl lLoI <1 *>itl 

^,Lj.<^d*in ^JjQjJl c.tlr. j ^1 ti-dJ jj ^2 a^j1jlII (j^ 

jl^ 4.Ad I «tj (^jJl djK ^ jl3 ALH 84001 

M ■ «» 

^J'O—>-1_^1 (jlxjl 4-_fll_ usVLj iti-tse_di 1 jub 

«« •« 

ji^l£j Chillier j i.qL^ LdJhj tdljijU^jJ! juu Ld ^Ldj (^rdLu^L^dl 

.Maechling 

{ju/Ldjj cJLu^l Ld jlI^. 4 ^ ^^0 ^Litii 
^^pL>>lj (^JlJ (jL^ t»L d I! Cj\ L f. 1 (J 4JLd (-i.-dlaj 

j'ju L>^ jb 

uru cr^ ^ extraterrestrial 

ciAj^ i unconscious bias ^_y£.b>UI J-peldl ^ JJLjtiJl I 



^joJi 5Lp liuuJI 


CjL dCUxcaLd U t-ut clJ^4-aJi oL1j.jlII 

«• 

i<i .1 i <iLLq IjlA)) *^13 ^^^^13 ^^^3 t«^^^'i^)) ipLc I hVI 3 ^>v> 

** «**•*« 

Cy^ jirtJ CjU-u^ <^0 oLtjX. ill UlLar.I 

4JL-u^pJLl CjLL_ijl!I jj-lSJ ,(( LuIjJlS-J :w I j L 1 Si I IjlA (jL^ *^^LqZLaM-J ^ 

V^.>J1 /*W4 l.j>.Iri.4b iAn I ^ ^ 11 / < 1 4 t, > .4 >> Cx_jL£i^ f.V.i^a U i's& m \ AJ>. \-A /"vQ 


. ALH 84001 ^3^1 

•* 

^j-4 4 jilr>rtJ ^^^jJ1j3-j:^ 1 j_^Lim £jL$Lll jl3 (3^ 

«• •• 

^jL-jlillji cj I j x.3 jJ I CajL^ .4JLuLlj (33"^ c3^ ALH 84001 ^^,>h j I 


L$j) 1 ^ jLc^ CjLuIjjJI ^ 3 -^ (j-a ^Jea^ ^0^ 

.4_jjitjjJLl 3^ t^W (3-^ 3^,.jJi A^ll ^LaSii dlLj ^_yJI 4-4_i^jl 

L-aL.!u.*i^l J~<4r<J (^yUjSjz. 4i oj^ o^laljcGil (3*^^ uP® i^L>Jl tillj 
** «* 

Ig?i 1 Cu.uujlaI JL^ (3^^ Lt^ cJlfC-tTL) (4j9^L4 

(_y^ 4a-MU-4-u 1 JlA (3^ «^^*L>»XI ^3^1j l.l^^It 

»juu.>Jll I^\ (Jjuaj ^1 3jGfcx<aJI ^\ C*i>.J ^L>JI oIj^I 

*» 

^3:ii 3J!< I j . 4_LulII JLL^I ^j-ujO^XHit ^t^l jl3 Cj1^3j Ci > 

4ajl3 j-sy>’ CjLutJijl jl3 *(3^^“^ ^jua^U clijJXjl ^ tt^ 

JLs^^ ^1 313 4 ^Ijj 3-^ ^Lc-U-i t.l 4 ^ i vacuum chamber 

** 

^Jy^ oluJ^jacii 4.3JIL>JLI < J? 1 g j CjIj In^ c 1 jM!> ^ 3 *^ 4 jt 4 ^: ^\1 

t Jl-j^j 3 jULt ^L,.'^. < u (JjVt j 3-:4JI ^L-*—<I< tiu-3j . 4,1 (J^ -3^ 


i^llj C1 jLjj 3 '^It (3^ class L^xi^ j^-^pJI ^1 jl.<*Ii ^jJiXjt t ^ *j * i4Jujl!I 

IM 

(y\JUi (4a,4J 3-^ ,bJLC 4.H >■ (3^ i3;y^t-pt JL^JLl q^Lc t^Lst-uuJI 

** 

Jl3J . 4 J 3 —^IljJI j3-:i-UI ^LsuiX (^Jl) 1 cJiJjuaJI dJLl3 C!jL13"-:?^I ^3-4 

J J->!.T<II ^3-* 4J^ 4 c-jJLt-uV LiXLc, l3-^^-4 jl3 ^.jG 3& 4 ^ 3 -^ 4_jX3J111 ^jla cA«.:^ 
^_yJ| ^^ V -4 4-3j^JcaJLj jl3 4-3 ji^ 43 ijjLSuo 1 iuSk^j^ , ^_^Lij4-}SiUl 

3jl^^->JI ^3-^ jW^ 4-jj:vjj j3£>^ l>^ (Jao ^ ■« 3^1X1 

j_yJI ^ J t *Xl! ^j-4 (^>3ajLJ cXiitajLXI ^3-^ 3j,jjLjud 4 jl3j 

iJ^Lia jL>.l^ c*^XJi.l J ,pjvJLt Jb,Lx3cj ii_alJVl ^jla Xrv 

JfLo ‘cjrH^ u3 JL3 l)^ (3^ jIjLXlI L.<.m>iJ tiilj kXAJJ «c,ajp^l| 

. 3XiXo c,a^i^lt 



t jjo£tS\ ^ 6^9P3Ajr^^lll 


c 

7 ^ 




^1 ^iaJI ijlj ^ 

4ji^j djjL>»jj .infrared laser ^1oj-^ 4_*jiVl jj-J 

(>“ 42klo (>* 

t H i— t j ^1 ^ rtiVI 1 JUb JLiLtj * 1 jj j. a'\ ^1 r. (^LIju 

41 jiUj ij^-iUl ^ LcL*_ii (3^^ t()4 -^Ijj^ 

SLjjsE-^-u-flJtJi 3^ 4juiVl Cj^b .aU^Hl 5 jU 1 ^stj iultraviolet radiation ^‘.4 
4 ji 0 f (jT^J J-i^ O-^ CjLjj^-^VI jjj.j>Z 

4 * * * ^ 

4 j •» fi t flfjt l 4 jlj^ «.l^ I i^w .ionization <—d^.ju 

cjL1i>^I ^ ij^ jL^I ‘LSiUjj jljJ (jSi-oi Ji>^* f >■■«■'*!'> 

♦% '*• 

4LalSL!l br< i r ^ i j| (CjLIj^j^I (^LLudVl ^LIu t^LLi^ 

‘4_itJLaJl 4l:>'^^( V a 3^-^^ 1 A..)l tr. «<JljLjjj^->SlJVi 

*• *4 * ^ 

.3jl>>I^ 3jL>>b Cy^ ajj.Aili ^I^Vt jL^ 

(J^b VLxljq jlj j,a.j ^ A *-^J t4_!l]lJlJl 4i>.jJLl L-^ljufej 3 ^ ^ b 

4J(SL! (4JjLjJLI CjI ,4j < «:^i (S^ * 4-^lj^Jl 3^..%_>J1 

«« 

ajjxL^l .Ai-Ajua cjLcj^ ^1 ^bJli accelerates Jj-i-uj 

CjLoji^j^I C<STl.!I La i4^1JlJI l 1:H^ ^La ^jja oLc^^hj 4^t^^dl 

«w 

3jjbj ^LuoVIj tL^jXi<dJ 4Juaji Cjjwjjj .4 j l^Lt^ji ^^^pcuM l^JUb 4JjQli 
^jja 4-2ilL>JLl |J^^ jlj :>■ A j ^It 4 lr>j < <i dl 

I ^ <n o) ^LlaJl 4..»^J CjL1j^_:^1 

(3^ ‘^..u < (^jdl 4< u g t I.lULoli^ « Lyi^ 

4 inij energy input i^LLdl Jj^jua ^Ja\T) ^1 ajlaJI 

M ' 

L^)) :MiLS liUj jlj jLu ^ >iL..^Vl itiSUI oli 

JJLC C^i I a •». .«^l, 4 ttlll jl tj LajIj (—dLfuJL^ , Xt j ..^tl 1**^^ PB.J 

*4 

c^l t M ^ jlj {3:i>^ 4 JjLi‘< a 4juajl CjLjal JlUjudVI 

•4 «4 

jjL>Jll species ^ 4^i<ll cJlo£^ .djjLst-^ 4±;^ JSJ jjl£. 

.<ji)Lia^>J i3^ 4ju^Vi ^ Ah (J^b 

iJ^j^\ 1^ aj. iit-ud c^jbxeJlII ^jji ijuih ^Ij^JwIlJ ^LqJjlII baju^ 


ajVl ^jji ijuih ^LqJjiJI baju^ 

I JLv 4-LaL<.u-u jUi-ijuJu a tj 4 <^ W ^>>4 1 ^^^^ 13^ 

(j«i ^ . t JI ,4_i^jVI jj_5tjuaJl t df.l Oj.jLiLj^ 4<1^4 Ct-^ 



QC i±aA^| 


^jjj ^ U,..tl JUlu (^pJI (jlis tLdJli 

*» * •• * ^ 

tCjLli^-:>Jl LaJ j ^ *1,1 > iJlJjijJI i^A 4^L^ L^Li 

dajJLC. CjIj^ *Cr^ ^JUbj ><lui4dd*> v^iujusaji 

C1jIj^j^-^j^JL_j_^ 1 jjLfI ^ 1 ^ o-<^i 4-^1 ^^i-j-xlij L.^ 5^ ^ ♦PAHs ai^tl 

1^ i < ^ 11 Cj^ 1 <^li -1-iit d>li.,4.1 i':^!! JUhi-C 4 

4-j^ljL-<aJl Sjjl.-^ 11.1 cy^ (j^ 

‘ ^ Xtt 1 ^ ilg. i . rtl^K i l i jQjL c.^ hcxB^oriQl 

4-^lj ^«j-iiiJ tu (^V \-A^ ((4£>JaA]i» jl t<(4-uLflj[jVl») CjLii>. 

.(L^istuo ^>0 (3 ^^ 0^ Cyj-^^ 

L«l iBi-jL^JI 1 f;i*!. 4 jj»jjI^I ^-l^LIaJI 0[H O^ L):3"^^ CjLSi>- JLAJJ 

i>> ^ 

c^-(judI 3"*-'^-j"^ ■* 4--iJijLaJl jLjJuuuj 4J ^ 3^^—‘-^ t4_iju-dJ 

*^6^6 (jr^ tjU ^ll!Lj ‘^b*-^ L^* 


H 





i'‘‘ ‘"i t y* 1 ^ 4,jJu ^yA ^ (5 CiSy Cjum <. j 

4jL2JL»JI 5ajJ-c i^L*jL>Vl CjUj^jySjjju-^l CjLLa}^ Jj» J.S t Ul'Uj j 

^ lH* ^Luiaj Oljj ^a CjI J i l 'v (jrCLiItl PAHs 

£yi t t A * H iCjl<djL>*II SiJLjiJL£ ^L^I_4juYI JU-^ I >1 i^JLoXi ^*a .Ot i rt\:> « t l 

. 44 -wtjLwJI J ^1 ^ Jj>li j >4 ojSZ^ ^naphthalene 



SjiuaJI ^ S^ 9 ? 9 aJl'kJ^'Ul 


oljj j_.ring 4_ 31 . II ^ c.. Jl irijljj ,jl 

** 

6-* u'-^ .3a:>.|j (j^J^ Sjjj L^la 

:y_3JI Js, yiLc ^jJt ^ OLAlx.) 

^., < .n (j-o ■ 1 ♦ «A t( ^ ^ J ^ llLjjlj^^-^ i^ <^ i c A^Loii 

Q 5 K- 01 J 41.-U 4^ aLHI ^ ijb 

■ *• M 

^ jLLJUui Jl aJJb .4^Luu Jjj (J^ L^ rtl^ 

Jjj jJa ^LJt 4Ui:i (j5 Ji-^l cM crlj^ <('''')jJJ>S J>sli 

0^ Vj ^ Itj 1 , 11 . ."^ 1 1 i A Cy^3 -j (j-*i j 


4 t II jj) 4 jjJ Cooper •(j-^ * I 4 4 i <ii Li„\(h^ ful L^l J 

jLpX-Ljj . 43 jIjl^ 4>-^ 4J£J ^(3:4^ tiUj 

*fr «• 

CjLJj^) Annalen der Chemie ^UVl j±^-^ o^J 6^ <J^ 

.4.jl2jl!I o'jJt Jujd 4.^:xijj 

l^j^jlI)! \Sj^ C^Loi^iJI BjljJl^ 4^Lqjj^I oLji^j^jjJLj^I (^jIL>ij 

«* 

oUU j! dj>Lj ALH 84001 ^A^l >^?:-:>Jl Ji-l^ 

a ^ cH® JJ—c. 4—al— 

j^JLaJI ct^ SLx,“>i.!t ojLj^ i » 4 ,jJsL.iI^VI 

3J L tPAHs cjLaL>Ji Bjujl-c. 4-uL^jjVI CaIj^j^jjjl-i-^JI 

«* 

Jj_a (I_i -^J t_jiJ(j 1 -^<^1 ; 1 ^ in 4__i_^j oLuLSJt ^ 


j^U-jJI yjiu LoJ^b :jlj • JioV' (^ 

tj| 4 ._^jL^1 4 3 ilr>!l (,^3J) g. 1 t-gJI BjULI ^Jl^ 

3tVji i C 4_^1_ajjV) ^ ^ IIj 4 „t,...t— x^i a SjlI, 4Jjj ^In 


uaLJiu^l iclUj Ijj).un34 .((oL3lL>J1 

J^\ ALH 8-^01 er^j^l Ji-b oLSl^l Sjujlc ^LojjVl 

. I ^11 ">< \ CjLrt a L^frljj W-*lj 3i,^>. 4 j1j 

Jj-:>>.j JLjlj ^jI JL. :v V ^L_3 :ciUjL^ ^tjl bob*-* Jl-^JJH (j-c-S 

tSL.i ^1! Lt^ Cj\ rtl^il 3 juJlX. 4^1_ajj^ 1 cliLjjJ^^^jjJLa-^l 

■ )l 3"tj biaji J 4 !^" CjL3l>JI 3jUJ^ 4^LajjVI Cj 

** 

jL5ej>.Vlj iinterstellar space ^jjsbJJI ^1 ju^All 3^ tSLt^dl t>» >iiej l^I 

• ^LjkJi CjI^Jj t4 <iji,V oil 4^^k^ijJl 



51^ QC liiajJI 


C jk h oLaL>JI 5jlJJU^ b/f i ^ ^\\ 

oljl "t <.uVi (Jx^ - (jlJs 4 ALH 84001 j y -»»,T | 

CjLaL>Jl SJuJlc 4_ijLajijVl - 4-jjLijuJl 

♦T •• 

Jtj f U^lj..>Jl A>JI C7^ 4-43t-U3 OLu^SL) 

oU^^j^jL^l (>u Spatial correlation tlaLpjVi cufj Lsju^.)) :jlj 

^jt yb. : (Jj—fll iiUj yLU_jw tCjlj^j^^^lj oL ^Ijitll SjbJL-c 4—^L_<ajijVl 
*» ** «* 

icdJj L<oJ ff j .4.^|jLjuaXl 4->ax4.Lfl 

d ^x f^ B C)^ 1^ ^JL—d l-4>^ i A 4.1 ^1 tr<x jLd^ ,4 

.((^Jiatil i^jTf/a Q^SLuju Ijub q-aJ ♦SJxju.u a[^ 

j J-uj ^Lu:J-u4iVI J^b jlj q\ yx. ijij (j^J d^ 

✓ > 

:4j^dj dJJj jlj ,tiLoc-Jl >-Auj yb>^ anonymity 4 A ^ ^ cr^-^ 


j-il .(jij^.^. a . ur^\ (*J CJJ*^ 0^1 

•• * «» 

^j( f^jji jjV i(j-u^LaJlj ju^^yLj LiLusly (J^bv ^LflXI l<y ^ 

M 

y& f-L-A-LaJl (jL^ 4 ^ L7^ Ljj^L^ jjjji^LdJl 

•* I «» 

^^^JUL*U4uLja i Jiyj|iA ^1 *< < lW jaeSLo yuLjoL^j 4(^1 iJa Alt 

M 

>jxaiu- Uil cJSj .Ijj r . l .. n~i t» ;jlj .((^juiJuLuj)) AJLae.^ 

> «• 

Jl3j . Lj^tyL>JL 4^j_uiJ 4 4..toL^ 4 X y| ^Lx>iJ ^ ^ ^ ^ 4^jta'V-4^i 

lIIZu ciiLu^ ^LoJuVt 4-» ( tin 4 jlj£[j Ju^ V 4j 

*• •• 4 * 

4((^^-4-4JI y^ Ja3L>. JLol 44jijwlyi ^uLqX. ^y {Jy^-JLllj ^y^Ltl llix^i^ Lot 

«• 

JUX 4.idLu* 4,4^^ ciJJj dul^ ^^t (_^ysa^-uu ^jl yb. 

. ^ ^^'\ ^LaJI lJijU-o^ ^ 5Lx>Ji A-ioiALLo 

ciJLl J «^iyVl i Z jLj^jui \ 4^ <.<1 A j ru JUJL?e_iilj^ 4iiJL! j> Jiaj^ 

4 * 

4-jlLayi 4_i^jLl^Vl ^4t Ly lj-4Jy J_jua->.1 C-u^)) '.^jL^ .JL^^ JIu 

44 

^ ^ ^j-tuaL^l^ (jbjVi ^Luju- 4 ♦ ^,»*L.r Ji.lLijuba xlt 

4juul^t cUjULI^^I (1)^ CliXjLAXXiut^ i IjuLa djylo 

*4 

^yLijuyt Cxftjjj »((Sjix>Jl SjulyiXt Aj^.iuL.^i^tl cjULLSJll AJLjuLl^ ^y| 


yaxiH/lj ^yi jlj ^jl ^^yiXl ^jLAjo ^ tArj I ^ "w^t 

-VJ •*'-*JJ^' (•■JJ aJ-2-c j>-ill (^L Jl j-4-yLI jj. iin >J 






^ ^ <=->11 U3^ Cu-^jji ^1o^J^Lij^ 

^ •* *♦ ^ *• 

>-*-^ JA? ‘J-rJ^ Oju ^j, U i J Iiij ^1 jlj J^j * 4^L>Ji 

.^LsejusJl (JL:^j 4f5L5ej| ^Ljj ^LLiILcM.l 4^1 4:^jjJ ijl^jJL) 

4_i^j._uJl jL'y.^Vl (jl JL^Jofc-l SjLiiyi JLuu O (udJj Ct^J 


(>» L^Lu t5>^ (^' j'j crl! 6^ J^> 

iwS^LJjJli Qja 1. * -1A3>. LLl^ LIjI) ^'1^"'-"*-* : (Jc.I -t u T l ^ i^^La=_L^ 

.4Jl:i!l Jy^ 

SLj^ ljjLAi.c! ^1 SdljjL^^ Lfl Q^^<-<i.A 1 C **J^J ^pLi-uJ^ 

j-iiiSLli * JjkJuO 4 -j 1 Cr^ t Vj dt ^ Lr^ 

L)^ ^LXr Lr^ K * ?ei—^ 4 j1 ^Jjlj V <iJLlj L>^ iCj[ ■ j lrur JLI 

^S,3t-.,> Jol4!L>>'^l i^juiiujl ^1JL^ II 4 j1c. (^jjl^u : l^lSLu/ 

LajLixb .^JuJl^ CjLiIojljQ j\ BjuJl:^ CjIj>L rt^U 4jr^ 


- Ui-*“- 4 ^ V » •U'j tib <.t*Jejl ULS f-ur^ ‘yH^ 

^^^i.~LMU4,^fafa^uJI 4 i>-,i^ L^juLu 

.((La^JU-OJ ^^Liil (jl (jIAj-J ^1 4^L5e.J dul^ 

^ -:»■ >t.H ^j.xk SLjlHuuJLI 4jAim ^jLUllt 4jLib^ (jl ^LxJLlH i 

(>U L^ 1 jl <LiLl Jj.ju:^\ (jt U ^ ALH 84001 

«• 

(j\U>>LJl LT^ (j^.AljUju *^J^I ^jLib (j^ 4 .»JLt»L^ CjL>.i*tUu ul ^^1 ^J.l^^jJI 

«• 

i I^ Xj5>^J 4 LAjIaC.I JUJl:> 0 (jJ<j-ll 

(j^jJuo t^jLoil 4 JLISJI CjIjju-uJI ljJt£.l-uau (jl t L^jSo 

SLpw Jjl L-jLiu.^1 (jjS[j (jl (j5w«j La -. (_yiu jl - CjL^V <Ljlo^^ 0 (jl 
, lji.4ii« tf-A jjjLxj La (Jj^ (J fa .L:xJI (JI^ Ltj,i tljLA ^Lulj ^jl-^ 

Cr^l ‘ ^ (jr^ 


((jL^!i»j ^^.3cj>.)) tEETA 79001 cr^ *^Lla CxjI^ 

«» •* «* 

. SNC 4.-i^^.,^l jLaB-x^U 4 j 1^ 4 4 J t^jfall 


BETA >.4-«.^ * ALH 84001 <^_3^t >4jfafa>JI cr^j 

«• m 

^uuM lJsJ I '\ * * (jiJa^ 4j 1 La^ tclaaS 4Juui (j^La ^ A * i I ^uxjuo 79001 

^j-a ) ^Lc. cJuijJ^l t. *l4 j >- (J-L-aJ (jl (J^ aLuaAll (_^ t-Lvo.^ 

' ✓ »• 

.4^aju>Hj| 4.xilaaJt Au^juuil jL:ii:j>-Vl (^JjLus 





tALH 84001 j j jJi ^„jb->«JI jLa-^-Lj i^,^\c, Jutjj 
J..C.1 a tGardy —«j <Wright c^ij O^ii ^Pillinger 

<-j- x/l I, t A.JCjaL>dl ciijLojJLj ^j) 

jL:fc:>Jl IjlA Cj I 3jliC.L i^jJLii «^LlJi 

oL>^ Jib Ix>-1^ J-^j .BETA 79001 <^3^1 

** *• 

j-Aj tmethane Cy^ cji ^ALH 84001 

«* 

{jy^ f.l-^^S?l 4jfrSi u La u^ 3^ 

ya Q^Suj EETA 79001 lJjJI ^3“^ cr^l 

** 

^ Laj-jl^I (j^i Cj I jIrtJil i Lr^J * 4j^_aixX. 

cl>ljjji^^jlj>,Lj.^il {Jioa i4^ aJl 3jU,l <>Ju-4i (SjJL^kJLI Cjljj.£Lll l^^ji a!lj 

jij Jj>^ Uuk. ui >yju ^\ PAHs oLiUJI Sjujlx. ^LajjVl 

•* •• 

ULia^l I j ^ ^ «jrj^lIai>-JI «Ui.«JI ^ .ALH 84001 

«» 

^ V _ a 1 i..\ cxjLS^ j .5 a * >^T i .f^LAj a 


S-ij-jwjJLl Lfllj 4..i.uZ\ EETA 79001 
a. It ^jla i^Ll, 4.^ >i.tl 

ilaj^ (jl S5 Lj-;>J1 ^ \/r. 4_./j3Lju ^LL^ jljUC.^ 

«« 

1T _ oljj i. i \ 1" ^ ^ (jl 1- ^ (^ .< 1 ^ d- ^ b^l—iJlj Cjijj bind 

oUjl^l ^343 (,^11 jlI 4 ■»j.~ ij . 1 T _ L^^LLsI *4 j - ..ji 

JJS JU33 ^1 

EETA >^l c>j .a^l ^ jiai 2 l^I «juk <3C. ^Ul 

«» «* *» 

4_>.^4j5L^.U_o^^' cJ! a_.,..-.t l Cbl^ J9001 

l>* O^i (3^ iLaj-tt-t jj>il 

t4loj,jrl4 3jj) u^ ) 4.<al*(i^.>o 4 y u ls u^llTLCi ^^_iaE->Jl IjuA aj^o^axll 

*• *• •• 

doL<4uJI 4^^L^ ijb^ijuju 4 I i,M*> 

aj\ V ^ 1 la lit c 4 i ti*> 4 _aJluj ;^Jl11 (J-jJjJI (jl 

ijc-j^l L^y-y (jy^ J-^ ^ U^ 4 S-jACfe.3 i LftloLS 

iLa fj^ ^ ^L> Cr^ al^l (jt jJaiu i 

t^JL>. c^La->.| Cjj.w47,i.ol L 4 JJ L^j Jj iL-ujuu5t^ jyJuuJl 


4!4JJL>> 


iLffu-^uj L/OfliJ c. .^^L>Jl y*^ *-li 



djiuaJI 6^9P9oJr^^\j| 


ALH 84001 SLaLoll Sjujuc 

E-u-u I i 31 )> i^LujVI ^ Ti 5 ^ CjJL) tC-^a^La^ ^J^LiIo 

^^-j—>41 i jl^J 1 T l^ LIjI 4_>.jjlJ i^Li>»-^>Jl-^l L4.^ ^1^ j - > iJl 


J 


-_yj| ^ t lj ^ x iluj 1^ 1^j11 c-^Ltuu^Ld 

Lr^ ^J>I1 (jM- 6-* Jl^t 


«((i Ljjl^^ l.^*iil ^ 1 ^ ^1 ^ < i^^yL! 

^jl*J j^ ^^ .. i'u LaLo^ dj» U l)"*-^ ^_j-.a4a- I l CjI ji 4 r ^jl 

CjLLbl^>i£.Vt ^ .^t ^J^£. 5Lp. erl! JuAi 

jj-a 1 t » <jlj «4jj-i6_t-uJl)) 4 aK lJlx^j t L^M^j jI 4Ji^Laj ^jro 

** 

Ct^ 2l**<U jL^^J L-uLa rv . (Jjuill 

;jt 3jij| Luaj^.iviVj <CjL>.i*<Tf u.(Vl C7^ iaLalxil (y^ 

^^^JLiLlJI Sji 1^1,1 C7^ u.4jLxij i4j^l^ 

y^ -iJLc. jJl-u^I 4 ^ ^Lc. c-iujJi^j t rtj 1^ * 4.-iJiAj (JLpJll 

>«li j. j J-d^t-jJ 3 jl^Lj o'^Lo-a al.aU„!i 

•• «» 

jl^^J Lla ^^Jlu-uj 4-Lbl Laj cjLuol^p£,Vl ajj^ yc. ^l^VI ^J , ALH 84001 

.((J>j)g <*<ttl t-^jj>T(.i.uj fldJLli)) /a-i^l 4 -iJLc, (^^LioJLi^ i ^J 








4 





I, w 


L^!jl>.I *-flj LajjJt^ ^VtJi ^JLatU LL:wjj^ 
^.:9e.j>Jt J dljL^ 4^jL%ILi^ui^ i4..4SL>JL) 4^L^ 


SL^ ^l 4uL^jLjtIl ^.jSE.j>Jlj SjuJJLi 

(J j j fcj 1 i <■*v >Cij 1 4 j <>> JI dJub (jy^j • 

4-^l^^l ^IjJb jJl 4((^_^)) ^_^L^>JLl ^1 

j»a_3 (jtJ! ji4' SL^ 

.^jVI / wt^a iLTi, -V > / ^1—m H / ti^ Att 4_U1 —^LLo 


« ♦ 


-2j 4 ^L^JlJ 1 JJ—UtfoIu ^jl (jVl 1.11^ ^ 

4—a——« j—j) i((c^))^ ((I)) ^L_j-^L->JLI 

juJLdjj L^ , n cross-examination 

4.,,j <<1 JLai , alH 


cross-examination 


^^1 cLL_iiJl 


^2Ui i: 


~ tt , ♦ 5 


4j j ((^jui)) 


iV j .ij ^LU—]lL_4_lj 1 ^jl jl ^ Ui ^J1 rebuttal 

^ K ^.1 i u^i—4-4 jJL^ 3Lj->. 

i(Jl ">Jt 4_ft.j_.4 _j1jV (J—jL^ 4_jL) a ^ 1^ 

^ j M_tiau^l CjUl^;-^yi (Jt—^1 ^J-^t 

^ j -*i 1 (jl (jlil I i AIc. ^ 4_^a_fl 1 j_ILjq 

3ji ■■ r.V 4 <<3^ *4 ^1 rjVi ^ '\ y 

%» 

SjL^I Us-iL ,(')>_i,l .11 ■ ■!, ■ > -. ... VI 


^4 ^ rt i<at ^ Iju^ ^l» 

((^j^juIiJ 1^1 

jjjji 





I 


5 U> QC 


^ < 1 




jlj^jj ^ ^<1 j ^iiAL 4 l» ^ 11 ! , i , 1 ,.. 

** *• • ^ 

^ juv? ^ (.j^Jej V (PJI (jJc. jlj ^^lSL» 

«« «* ’ «« 

jLv Laj^ tjJUuaJl c-pjjwj 4 jVj . ALH 84001 ^q-^IlLus. t 

jJtJKJl edllj! ^_yic (jyllti 4 jjL^ Lix)! 

4 M ^ 

4^j^, 4..-^.U jj-A-us 1 ^ jlr V 1^ aJL^Lj 4ia^| 

' •* 

1 ^,jr. Cjlji^ tH ^LfljJl ^j<r*i.| i^JLx- (^1 ^ j< t i o >! l11 

i^jJi JJjJi ^ 4^1 cjLuI^I ^ ^U:l3.1 j^] 

i JlA ^ j^ ^ 4..ui.4.^l < ili (jJi 4 -» 'v 

•* •* 

** 

4-jlj^1 ^ ^ ^ >j 4 -j_)L^^ 5ji,,.^..i,^ ALH 84001 ^ ) 

03-^ u^ L^L^t cu^] Cy^ u j> (-axxjj U!:hf^ 

«• *• 

-^j^• n All 

t~.iC ^ d l*il .ii ^ ^3-^3 ^ ^ I Lt^ijj ol (^) 

•• •• 

dJUb ^_yjS 3j^:x^JLl ^jj) n Ml 1 i ^^jJl 4-j^j Lt^ JJL^-a .>^ <-y^) 

jj ~X i Vt ^^JbL:>JLl ^ i LaLc-J CjIj^ji^^JI CjL^^ JlL^. j 

oL-uixj-iil ^^^3 Lt^ i4j_Jua^Vl 4 j^^.i^ 1 I <^l^i A/>it l 4_j_tIIjj lIjI. 

• ^_^JLc. CxAjiij^l 4^^-^ (^l ^j_/a 


CjI JU-iJ-Ljuj JLj-u/L^1 LtA^ J (jjLjL>a (1) 

«• ^ 

^jj ^ **X .tl > CjLs&JLlo L-^L^-JuI^ l..,^. i .a^l^ 4 —j—xlli j t i^>X ^> JI 

«» 

^JUJLC 4^L4jl^Vt Cjl-J^jj^ji^JU^Lt BLq_uJLI 4jjaixjLll ^ ^In) 

icjLj^j^I cjLj^-^ ^ ^Jl 9 ' (PAHs) cjLjftl^i 

«* 

.^>jVl JUi 4^1 OUSISJI JUJ (>c 4^UJI dUi 4^ 

1 < «1^ ‘‘ 41 itl I J^ll! i ^JUb d) t Lul ^Lfljiil ^Ut>s <j-^j Jj^ 

(^I ^ idUjLj u^jJliLj (j? 3 ^-^ LxS iljLa : Ljjfc^ VIJ-lk ^jiaj 

3L-LJX Ji^.j>>^ ^1 ^ ^ 4j|j JL->> Ljjj[^ 4 t <1 <; ^tl Ji^ L . t l ^iJJb 






«CjVL 4<!L>.I » 4 4.^i.A.^ Lt^ jiil Lq-^ i^j^l 4^jLfl 

^1 L^a>> t((CiVL4Jl>.Vi)) aJJt J-Aj ^ALH 84001 jjaBL>Jt 

^ c ’l u.fu ^1 <;Lc.jV1 JjL>- L^ ^L^l 4_i£, jlij 

L^J jLi-AJI ^jl ^i 03^ ^((jj-uJuL2o)) <lLte.>a Sjj-Juil 

(^jii IjLb SajL^I V Ijjb idefendant 4 _j-Li 

^ IjL^i <j 1^ <4w^^)..>Ji c_JiSLi^p.J t.L „< ^ 4 d r , ^_^.c.JlI,I 

(^) (DNA) ^ JL.U^1 JJjJl uL^ lib 


& *« 


4 i ic , ^^^^jlJLI <jL)jJLm lib (J^^l ^3 4 ,4 c , 

aiJ LmLj I jub L i4^jJi3| {^jJI ^^1 I—4-4J^^-:^I 

(JT^ <uk. cr^jil lib ^ ^ ^ 

%• «« «• 

Oi Atdj ciiLlib li^ t4 t <2 4 ciUi ClA *<J ^1 4»<SL4^ V 1 JL > .1 

^ Jl.J .4 $J|J).^^ 1 1 \ *<jL^ 4J 4, Jl j 5C4 idiL-pVI 4 jI (l^V cb-"^^ 



SciJJj ^jjQ ^^^1 LT^ U^JL^il IjJb 4iilj ^|J.4^3B^ 

t(jrl^lu.*>dl tfl^tJLl ^^JIL.4^ » Uill 1 JUb ^ic- 4 b < u 4 -jL^I c£jl <A C^AXdbL^ 

Jx.^ oVL.4Ji->-Vl i^jjb A^bl ^l—^l CxjI-^ (jI JJ^ (J^ Cr^ 

^jl (^4c- (3 (jl *cJl"^ L^l »(J 1 ,4. I :» .4 ^j-4 4--aE_-jJli!I 

«« 

U- * -^ J^ Lr^ Lu^ 4 jaj S^ > LaL»I> 5 JIJjuJI 

*• 

^jVl 0^ lt^1"^AI J j .u iciUjjj ^ L^^iixju 

*4x1.04 ^-olLu^ Lt^ 3 I 1 ^ iS^3 ^4j-utAAl 4.dLjux>i-II 


•If 


^ • 


»l|»Jt dUS ^ ,)»XI 49ic 2Aj^ J-i »i<» 


Lbjjjl b^l ij^ 4.^11 JoL^l 3^ 4-o5tj ^_^-oL<uLI 1 4jjL5t.4J«1)) ^^L>iJll Lv-u x 

M «» 

jxafc^Jl jJL 4-04 3^ (jr^ ^j-4^1 3^ .SLpJl 

li_^ u-^ *4—u-ii jr^^L 1,0 ^\ 4--b£j j^x-c 3b ALH 84001 

.3LpJl ^1“^ cliLoM*^ ‘ Cx)l^ lj| LxC IjjjieJ V 

3^ ^ (tLc.jVl *4iUj IjJjii fJla^JualLa^ t^Lii/ c?^ 

ol Crlf t3b,>ijl LxLsld 

^LiXt 3 I *4_x>jJj.xxll t4 xji-t lL^JI Ca^o SjuJUaj ^jVi 



SLp Qc 


'• 3l-JjJl J>4^ 2-u3jjs liJlia, .Gi |_yjj S'".! -» 

frUjVI ^ JaLiJ ^ r.i' “ (jl jiStii aj.-OI ^ 

J^xa]l ttlJLjJi JLlJI LoI . JxoJLj CjJLs- Jl^ \jJt ji Jk. j^Lui JJt \ ^ . Aj\ A 

1 ^ i<L_j^L>. JLSLJjLj '^^ *a a j^L^Lj cJouAliJt .C \ \ 

*• •• 

LT^ tulll J <^,^H ^_^1 >-Ijl 11 t_^L) Lj %-L3tJ ^ 

^ 1 j - 'v ^Lc Sjl^JJLIj ^j)iUJli djl—d^L-til ijyi jlju cell walls a^l ^ jJu^ 

iCjJ^SLj JL^ oLjuuau_Jl (jl (Ji^j->Jll fossil life 

L)^ 4^JLAj4 CIjIju-U^ 1 ^ 1**« A 

«» 

lJij^^jlj tj^j?e_jj ^1 <L<jJl^I L^^jj JLj ^j^su-Ss-^ Vj .BLj >JI 

^^JLpX^JI I JL^ LjoLLii.3^1 Lja ^Lx-d.^! 

(^jiii Cx^^l «I)) ^ I—^1 £LcIjI 

*« *4 *« 1 

Cj-uaisl JLfi-S Cr^ SU^Jl <LcJjLdJl ^^jJiILtuI 

^1 3L^I jl. 4 ^Lc. 3jj_-^ Jj^I J^ J>3-c 4j!^ 

JJJ^I J J . , ^ 1 (> J£ JjJLLj ^ ^ 

(j-A ^<uC.jJl t3L_i_>Jl jl ^ <tt..**r < tiVl C1 jLj^.£^JSLI1 JuJl-^I 

♦ 4_j^ cjIojI^ l)^ Cy^ ^^ (^1 

. CjL_fli_>Jl 3 jLjJljlII CjLj^^^^^JiXj ^.Ji Cjl-i-jj-:^ j 

(ji^j 0^ 03^^ ^^ ^L*j 1.0 ^\ (JSJl ^\»j L^ (PAHs) 

• SLp^l CT^ l)^*^ ji i^‘^''(iu\ 

jjjuf jjljjl i4_3_Lja_>Jl i^LfljJI L^ Ct 3K cjVjL>JL1 

*• •• *• 

ol^loJtj 4^J^1 jL^Vi JL?^ ^ i Anders 

«« 

tSchopf L>^_i ^ lUl t<Lt I (j-4 Mill 

Cr^ JoL^jI (JjIjLj j-jt \ ^ jjkj t((e^)) ^_^L>JL1 4-j 4 < u.'i (ji J 

•« •* 

ArX 11 (j^j jyj (j-uJ aji jjuii t4j-ol£^ (_^L3:>JI t ^ 4 ^J . «4 ^ I j 

«* 

jjJ L-<jJJ 4 <u3 > (j-jo (jyi^ 4 jCJJL5 SLuv (JL.q-IL>*! Ji^^ S^^JsbLili (j^ 

Uoidi (j.*)) L_3j_tlu ♦^c^jlj-LbLLo cLc.Lj_u3 CjJlcI Cr^J 4(_ysL>iIl 

Lo (J^ klUjI ^ 

4jl L»1 Lai . Lce-Xj^ (Jjl^j ^jVl (j_4 JjJo <Llu-aS^ (jL) (jjJLlLa-a 

,«tiJLjLA 3L^ Jl>-jj V aji Lt^jl (J-«u.>JLl (j^a 4J$11 


* ^ I ^ 




i((^^^pijuLi-u)) SjjjuuJll ^^ISLa jul %.Vi ^JlLo 

^ojJLI 4 _ij1ju 5Ll>- lI^)) 5 .» 44 .ti oJJt 01 

iU^^^Lst-iIuVl uAUjI ^ Ct^ ^j-u-J» 4-j( c_3j_iIo L7^ 

«tp 

SLi^ ^JLj< Co >I ^^jnj^gjv I j ‘'^j ^ ^ i" LcjLit-o jjlu 

4 —jiLiL^ 1—(j,—JJ _jj 2 lS_lS_>J LoLqj o>^J“^ 4 4jj,^ 

j_4ujll uyji a .^.*^«t I t ^ ^ ^ja «'7. J 'ifaTo I 4 < i< iLu jJi {J-L4J ^ 

tA^LflLua j. ijr 1 ^1 jJ_tii9j)) ^juilajji-C I ^L-uJl JuLc. (^jJI ^^^L^-uaJl 

*« ** «• 

^ 4I*ju3J (^JlII ijjJbl t^lsjLll i3i>^ LT^l C3^^J .((SjiiLua 

^jl a A^ ^-j-jQ-ae-lj (^iaJn I 4 —j-fl Jj j ... "It .U^ Jlj>.1j <-^L_:^ <—flj_Ju 

^ •• 

(J-4jSLa t £u ^) (J-4^ ij-A ^jl)) :jjjLjl .<(^^^)dUjijL_u)) <lL:^ djj-uiuJLi ^LaXl 


S^IjIjI j-jjULlJi ;JjQ.:3cjj V ^_^jLJl ijuk .((d^^_uiJ 

<M ** ' 

jjjli] ijl£)) ^ 4_j*^ ijjjjj iOwen ^1 Jj-^ 

jJLli 4 ;!^ 1 '>Ji Jjua^l *^lji-pl JlLa c£JLu^ 

w 

cr^ U ij7^ ^ijJl CjUMaJ! iji jh^I 

«•***« •* 

jLi-iJl ^J^Lj tj^ 4 j> j V| 

** 

Jjl i^^j^-Jii-tjl oj-SJi i>>s oLu_P_lJ 1 a ax. jJ>-.\^\ ^ .((moon dust jjj 4Jin 


j^.5tjuaJ!j jLulII «i.3sJ ^JL^ToJll jJoLim (^.j-Caj c.alt Cr^ 

dLJll ^ 4 aJI ^ 1 fl*i.41 ^^\ 4-ul 

. J.*:^l_9 041 ^' <jyi l^' O^ oLjaU i4j ^Li. (_3>1£ ^[5 

cjIJoLSJI cr*-p jdl (range (^jlII j. ^ jlju 

ijjl^ _ ^LvLi-u - g-L^aJi (31—L>JI Jl^ Lr^ <1 xju£>j^1 <1j^ 

CjUjL^ ^ 0^ (JLo-l^l (J.^-»J (.. J Lul ^jjJLa 


LXJ 


d r^ r<t,l ((Lt^Lj)) C.I li-T., I L-^Jug.. IJu *< J L > jl \JL) J ^1 t jg ^ ^ 

(Jlj^ljjl ^j-4 Lfcjlx Cxj^n ^^>-111 Cjlijr,^ g,l (>>AJi .lljj (_^A£. (^)^_^,.5tjuaJI ^^.ar^scAJ 

** 

1 O^ rt.^ IJl.^ <Ljl3Ju .. J)^Ju1 

(4-^i thj^A Co^ <-L>.J-3 ^1 C-OeJ (jyAil SLpJl ^ J^LoIu 

L_)J^ ij^lj tijjjjj_u Li ItL'V _ L^llTiJ 4 La dJJ-USL3 

^c-juaji La-^j .^jVl (^j-a—flil jLiJtJl CjLjiS. i^jj^ O^*-} dji JLaJI-i-u! 





^jaJI 6U:> ^ »i3uJ| 


C<rfe-ijt 4 all ^^jji Li^Ju ji^Ju) ^^Luj ^ < JLju ^ •*^ 

^ ^ ^jJl ^ .0^1 ^ dUj Jxij ^ UJlSJ 

.sterile <^a»A (-ajuJi c*^ >«Vl ^Iju 


Uljilt (ilUlM>§J*!Alt| 


•• ♦ 


t itiiUi^jiUf 

jgi 4«;iUWt*MM 


5 * ■ ^ jt 11 ^.....» A /ijj .*:.MI 5 !1 1 jjjul jt Jju 

«« 

Of. 

jJL>iJl oJJt 4-^j^j iV^la-o IjlSj jjJ^t t <"} ^ t^,cU !i jUaVI i^aj^ j 1*< t a 

m ** 

j-iis Lxbl^cVj i«(j-ujL-)) 4 Lj^ 

«• 

ALH 84001 >^*^l I j 4^ ti>4jej (^1 aJjSII OW JSLSJl ^ 1-" ... VI 

.4_4jJ^ o[^ <Xsr U < II 0^ C« m1 

A-t^L>Jl LlaukJl q] J a tj (_pj| 4_uA^ 

(^ISLo ^ l^^Lils*.! (jL^ ijJJjdl c-al Ml*1^1 ^J Mi^ll ^-Uj 1 ^ j 

4-^LIiJl) 4«tuil^JLll dL^^^-j-uaJL 1 I Pi idti^l ^■■i,c<i.,^ i \ ^^J^lSDLs f i > 

^1 J . Ut ya L^,>laxJ .iIji>U 

•• •• 

i,t,.a L.4 ' CTTf"**" ^-j.ifat.i.jfl.1^ Bjl-a->» diL.iX *!*..a LLjjlJ ^j i n ^ j < «i ^ 

JjIj^I *CT^>^>:h‘ 0* 

jL^-iTLOdoj cdJ(^Lc-> Jl.^ui3 cILaIt .^jLiJLci 

*» ^ 

*((^^ JLuaHilj Bj1jL:v ^^LjJLjj i4_Uk^l^ djI^.A.4..<fcgL7JI 

6^ (>» ^1 jjjli\ 4^^ Jjl^j 

;^ISL>0 LLaI i" li C < 1 CjI-^iLq-C djLj^^j^SJI 

*» 

ALH 84001 ^_y^j-_iJLli ^ ^ .thU 5lj_l«>JLl diLj^j^^^JI 

«» «» 

(^^r< ra»"4 djl^^iUl Ji»-Ij j^T (_ 3 JJ (j^ 6^ ct^ variation LbL^ 

*« «k 

1 t^^_tjL^e-iJlij ^^-i^ijuJLSJIj djLj^jj.^ (.7^ 4_ii-^ljJI 

* ^^lmjlC. U, JbJL>JLj 4^tJLC djLj^j^^ (.7^ Qja 

Jrt^ CjIiUaJI ^ i l:^J j Ui i O) jjjJi! jj£.j 

«» M 

dllj jJjLflj tSijLji oL^ -^J^J Lt^ d)lj^jj£L!l LaJL(£, .d)lj^jj£L!l 

«• «• 

^ t<^Lm j-_j_ui_^5 (^Lj 1 ^Ul 





f ftr 


> t <g,m j! i JUJljJI ^1 ^-flLusVL jrtrst-iJL 

^ JL:tJj jl 

Js c^ilxXi I ^ g I (I S^t ^Ir*K^u ^i c. ^Lil 

4J i^JsXi-aJl 4 Jj-UDJ JLLc, LjJL3e_4 iloJfcJjjG .. Ij i . t fc C l ^Ij 

u) tfustj LIaj .«4^Lijl CjLjj^^^_(!m» ji^jj^l j-j-i-u^l 

«• *• 

<tUl JLLjuu£^| (jyjlj jjLc LaJlul <—jJu>. 1 4 ^ ^^SLoHJl jrJ.di>Jll 

«« 

JL-U_a^l (jjIj ;jV JL^ f,m 4 -u3j_ 4^ i—fl^LiJi 

>j-4J^ jjJu 4j| * lAj • i>> j^j/aj (r[X\ ‘-1^ 

u 41.1 c. uLt jujL > j) ji iji^ji jjiLo ^^ j. i^if*j A-utii i^m 

^Lua-fl (-3 4 Jo Cm preferentially LiL^Loj I ^ l.j ^ ujj j^uL:fcxl>l jt 

4jLj (Jj-Sj ^1 «f» (j^SLcJ iclLljJj .4_ua^-4->Jl 

«» «* 

4—ujlII CjLj^j^^£JI ;<—>lj^j^£LII cjLui_u^ zoning i)> 

tJiSJL ^ajJtJl Cjljj.jj^t f^j£. CjLjjJ^^J) U^1^:V ^1 JUJL;>JIj 

4_>ijLlil 3^ 11 1^^^ 4jl^^Ilj Lo J^-lxoJL) ^Jb Iju^j . j^-uotlllj^ 

«» 

. JLU-u^l L>^ 

** 

JuJl-^JI JLiJaJ i u^ JUJL>iJl JLu—cu^l (3^ cJ^ C^l ^ UiujLlL)^ 

«• 

^ ^1 jL^Vl ^a_^l ^1 jjoil 

Lo Ij^ ^carbonaceous chondrite ciujjuSJ! t4^xi^i,!:.J! 

** «• 

4^jLOfcj T^) ot (>s:xy Vj «4^1 -<^i o 4 jtuu ^^IJLir ^ 

4 rtW *<11 jLi 4-j| Cj^JuSJI 4^>. cIjLIjL^ 

jjjjf '(^“^1 0? L>^-^ tALH 84001 j-:9tj>Jlj 

(^JuJL>JI JL-uui^i^ CxJu-j-Li^UI ^ji Jl^ L>^ J^LIu 4j»j 4Jj^ <ii!j 4 jJ^ 

4-ijuaB tOLi^j^,^l CjLjj-u^ V C-ojJuSLIi 

•• •* 

4.jl^^^q_>. I * ljbjL>-j ^Ju9b jlxL-uVI i ^\ V 3Lo» 

4^ ftJO ^jjLjlJLIj cjLj^J)^I tj^ ^juufcjLL) Vi 


jJI cjIj^jj 44t3« L^jI t4^ittAl^Lim ^jLm JlSLiil f^j£. IjLo 

4 i < i Li l lj (JbVI l.^:» *113 magnets 4.j < n-jlolJutU 

«» 

4 ^ A 3L-ju > . / Jr, cltLaV-Xr ^a.^a CjLjJjV /'\aJjL.^tj /*tjjJ! a I , tiaju 





O' Jl w jLi! t«(jaiJL)L<-u)) 4irt>3 ^1 4jLLa>. S4 _l.^i^ 1 djit^ 

«* 

^ ^ ^ ^ r(jjL.^<i.U (jjl. 2i3lj 4 ^ j I ni II (Ji^ aJJt)) 

♦» L J 

t^Jal ni i) /1 <X^J V K(l)) ^_ysL^>Jll l-<»-^ ><(c-aj^ t A {^)^_^^j_£jj-4 

•• 

»L»a:Vl Ij j ^-< n ' ^ 4_Sjlk- U^l ^ JlS-iVi oIa <>^ 

%* 

CjLl-u^ jjl^ulul 4 jjLILo 4jjLd-« JL>.1 tLiUj ^_yJj isLxoVLj ♦(( ^ 4 t i j l rv LuJ U 

4..>ijLlil 4_^L(^I ^ * ‘ “ *«• M cIjLjlj.jl.>JI L^^'LjiLoj i4 ^H.n j!r>l <t U (jjLatJLl 

«» 

^jLjlLI i(( I)) ^^^L>JLI ^iTuTu^i L-M.n'>. ti-dJijJj CjLj1a£. 

* Lr^ ^ V 4 jM . jU lim 

(jjLxll j < » A **1 ! ^jL_3tja (^1 (ji (_yJ| « i)> (_^-«l->Jll u < J t l^^_j_>.|j 

«* «* 

4^ A I ^ tlr. ( * 4 U. >.ij 1 C<*) I^jI 4 j Ml jtolim 

J-JSEJ ^ <il4_J_3tJ (j-^ iUASLjUaJl 1 ,J MIJ I^IJjLq VL:*^ (jl 4--flJ-5j>. 

d\hi 4^ j lAll magnetism 4j_*.u^Lliil <UuL^ 

a ^ / ii jUl )• a CjI I j I >■ (ji 1 ^.j.JX.jlU (^Jli^JLI ^ j r, 4jl jJL -u 

** 

cIjLujL^JI aJL^ 4j L..4A'y,A.*J4!3 ^1 LiJllib (3^ ^ 

iCjLAJL>*Jl SJuJul!! 4_jjLojjV1 

(3J;-3 <jr^ <jr^ (j! jj^! V 

» ** •>« 

ALH 84001 ^3^1 o5 6-“ ‘L-^ '-«(> «j'j 

5jliJl_*J 1 <U^L-flJjVl Jl_ t-^I 1 — .i '^ (Jj-1^ JJ-X. ^1 L^,^—^ 

^1 jjj^t ^ A A^A .LJI ^ 5^ J/V c^l s^jUJ: Sj^Lj .oUUJI 

oljJ jjj! I Oi^ ” (jl -Ti - j U 4 1 jj lIIjI 

... a j a. t 'i \ djj-iduLa j—^ ~ Cy^ aJL>.l^ 4.K.uj^ 


^jji I t I ^ y^-3 "i rt <11 4—< I_4 ^ ^ ^ 

a laljti CjLji£j- 11 ^JL^tlLuj^ iCjliL^Jl aJuJUiJl 4 _jjLoj|j'^1 CjU^jJ^jjJu-^I 

ju-t^! ^Ijj j£.UlJ 4 mothproofing 4iuil 


■ 1^ ^Jx.li7 **IJ L 4 JlI^. 4JIjJL.>J 1 L^jL^atUJl jL^JJJ 

iCjl-al^nJl aJuJmJl 4_pL4jjVl ^ j 4_1^ 

a i’l l isj^yi aJijLoJi ^Ij_jV1 qja JJlx. 4j^ ^ ^ 


j jU~t l ^ t l gL ^jJ i^\ 4_i— cuJJIj)) 4 JI ^1 J^JLjI *Cj\ —a_L>Jl dJuJi —% 

at tl a ^1^1 CT^ CjLaL>iJl aJuJuJl 4_uL_4j[j^l CjIjjj^^jji V j git 











ciUj (JLa FcjIa! ‘^JI SjbjmJl 4 -jljLo9jV 1 ^LkU 

L>^ Jj-ua>j (3^^ J_^ ^ .ALH 84001 

•“[(^4;^' '^J 

4—4- aj j t i^jjQ i i i >-^ I ^'X Lijj <((!)) I—>JL i j—«-u <1 jlSLa^ 

cPl j-i-^ ^:Lc.jV1 

d)L j^ ^ ^JI ^^ ‘^^ d 1 ->^\ /tt V^ « d ^ ^I i.ti IjLi^ Lili 

*« 

(J! Ij? t4^microfossils 2u;^^j>JLl 

«• 

*(3^ dj ^1 4 , nsnofossils 4 ji^LlJ! cjLj^^—^-> 41 ^oxdul 1. .^ ^j )! ^ ^1 

la4 V 4—t-iJojl Cjlj^^-a_>. Jdv^ V 4 jLj 

«• 

I 4JL^,4JJ T • * j) ) * * cr^ ^ 5 1Vj t d^Lj T * j I ^ • 


Cr^ 4((UJ)) ^^^y>3L;>JLl ^_^JLj-j0.j < uJ 

*• •• •% *• 

Jj^ Jjia_a) 4^^ ijf 4J^^ Cr^ JL^ 

■.CjI jJL) d ^ <11 aJ^Jb 



X2\ 


^ 4.i^Ua! ^jjdsjyi>/i dia-djaiiSj^-^iji 


.^j^jVl ^flji tSti cjL^WLj cLaIjUi ^jdSJLi jSjij (Jjxi^t \^hAx * iALH 84001 


.(((dLi)) 4J^j jJuajjlj 0 • « jj>bj ux^jIUI 14^ JjJo 







^ Mi| j |ti 


^ •• 


fMj • j; uL® Cj ljj._a^>Jt ^ j < t< O)^ i \ \»*<j L-<a, A.if. 

j-Aj tjl <i i^U (jLA ^L*J1 fjyjQ jl ^ Inf. I Jlj>»( JL»j 

j^ln*<!I 4_-ujljJ ^JL«j <L4 jJl-SJI jLLl^I 

(3^ <J i<(L_3^^_Jw))j .^j.Ai jAj^ )I Ly*^ 4-JtjoLjtJ SLt->iJi 3-1^1^ 

oLjJLu_uj«i_>J 1 t «jlj)) i—flj-stJ 

«• 

cjLjjLiILj-u Oberlin ^ j 

*» •• 

{Jli i4 — A 4lr>Lli 4Ju^ O-dJ _^• UCLA 

(^CLtjuJl (J-^ 5Lj.^J1 4_-ujijJ (jr^ Lo^LjC. 

** 

♦ 4_ijU3jVl JJ ^ ^ 11 

jjJ-4 JjO^^ ^jJl t>®J '^J 

c< <GjjL>Ji CjLaL,^tj5CVi i^uLLJu V , 0 j.A»j SLjjtiJ 

CjL^ rt J. 4 ln"j * 4 Juju V , A ^_yj-ol J ^ ti ^j-Jl J-o-stJ 

iu.!i) (^) 4 j,^l I inti 4-j > l^iLnli 4 i <iiKJi Sjt^^.-^l 


4^1.^ ij^ c<stromstolitc 

*m •» 

tCjl I »2>j, <^->ili ^L^jjJI L^-pSL^t layered 

jj) V «^tl j**^.*^^ ((diilL^)) Li-^ 1 ^ t /> <v <>>Ti 

«• *• 

1-^i^ C^jjLoj^JL-uJIj jjt ^jJ)) (Jj-^ ^jSli *3 J * * 

(j^ uj-i 6^ 3 [4J;. J < Ij.^l^ cLij <ljV t^3LLj>Jt J>ixj 

khH^' 


4 _p. CjLuI^ dJLufc Cui£^ 4 jLj (_dj^ rt^i i^jdl Lo 

^ populations cjlj.44^ ^jd cJl^ ijl)) Sj^icoJI jJL^ 

jJL>. ^jl r^inrtn. CjUjISDI 

«• «• 

^IjjI CjIj.^,».:k clLjd Ij|j < 4 ji^^f. jIj^ 4 -Cjjjl^jO 

4^1 cjLolSdl tillj JIa i[Cell division ^LoiijVI >4^ 

*((lLLIu ^1 ciJLiJb (2)5^ L>^ jjh.VjLC 

CjLjuI LiA j— «V) 4 t-*^» (^IjLa 4 1 a \^ ‘c>d3^ cJ^*^ 

*» 

Jj) ^ Ml U 1 ^ 4:idf L A) La^ J adultery 4 . ^Ljj>. dL)jJL->. 






(Jj.i U-t jJc, .«*ji_« JJj a^jj V <tit L«[j t flagrante delicto 
V ALH 84001 ^ 0 <11 (j^ (1 jla 

«B1 (.7^ Lftiol^ ^ « 

({2Li^LjiJl Cjtl^n^til)) 41 JU£,j 

** •• •• 

4.i ^ I iL-flj) MJ tjJ^C i^. t~t I <?■ 1 ty>s\ 1 fk^ t^ 1 * ^l^Lo JLj-ojJ t ^*tt l 

•• «k 

^Lui^Vl OkXJt ^Liojdt ^1^)) t ^LjLd 1 ^ - a fj4.j.j_ul_i^ Cy^ 1 ^^ '*»■ ■ t« 

(Ih* i4-j.. > Ji AnII ^1 V1 crAi ‘ribosomes 

4 <1 ^ ^ oLjj^Lq CrAi ISjlSlajO a_5jjJAi 4Sul Milli (^)IjjJ(j ^ja CaIjj^^ 

^ (CjI jmuiju ^jljl^! ^CjLuiao^l J Cx.L.u^)) * 3Lij>JI C.«-<.u^ 1 3Lutij 

Jjju < L ^jJLi 4j^. 4^1 CjL^-aaJl 1^ 3^ c-3Jt ^LoJ jjLudI L^jJ 

f^^lL>o 3j,j 1 1^11 4ji^)_pSLJi ^_Pj>.j .(^ * Lo 

»l^Vl (") CjljOijil iflLuoyij <CjLaj-i^^ji;JI (>a JJLC, 

IjUb iJjLui «^juj)) ^ aI ^jL-Se^ A ^ ^ **<1 i. 

** «* ^ 

<.**4 «<d» (IhL^ jJljl^\ ^ ^1 ^^JLuaJI 

4 4 i i/l^t 4 j <^3ti Cx 44ijl oJkA 4.iMuuJLj ^1 i^ti JjJL>. 

' m 

^ Ja^L [a^UJl o! tijAe >u .LLa 

cjIjI^ ijJIjla Ca.4.u j J13 * L^ {JVjGujuVI ^2>^[jaj cjIjLuJI ^jl3j ^ 

^jA 4^^^L« L^t Ly-^ ‘JJLla ^ 

Ijf (jt \a^ .3L^ C4.4dU ^ Cy^ *4j^jua£. 

^jSL4J L-o^ i 1 ^ iL>.l J jl 3^ >• initl ^jA LjwjL^ JL>^ ‘ Ijj i .X A J . 1 ij ^ L^Jua 


oi^ rt ,^,li ^2>A-aa LojlIa l,Ii£l! ideformed 1 aj a 1 ^^ t ■ < 

<jr^ 4 Jujj o^XJ L^ /' , ^ JLJ^ V La ^jL^ i^jJll 4 _^jVl 

.«(--»£^ IjlAj *4;^ e^jjklJlj o^t t itrtl! 

J^AJ j g j^l l < I (jj!i>.lJI JjLtj ^ lliLl 

:4jLtLi ^^J.%->JI ^^1 L (JJLIa ^j^ii_dj I . i .iit i .<^1 4^L» 

iO-^Lull ^ y\ \ ^jA a ^ ^ A ^j^Ljj f ^ a 



^jaJI uajJI 


f.\ ieducational 4j-a^tisu ojjt 

^ ^1 ^ . If ^ »(( ^Ji^Ji^ ^ <i^.nJ 1^ I I ^ ^ t 11 1 L^Llk ^^< > - 1 *J ^ 

t4_b^.j9e-4 OjL^ La <3ji-xjL ^JJ ^ ^ i^. Ct^ L » jIj » ■ 11 ^^LaI r. 

idLpJl ^Jj1j_<_o (jyic. (^j)**< ^j C4jl^ L^'L^ o^ VLa-IL>.I ct^^Wj 

^ *• 

i4_jjL3lLll 4a^|jJI S ^ <tt oSJt c^^.ulu ^ La-^ 

^^Lj-a-j^I <■ 4_al>.ljJl 4j ( ill (j'L-uu (J^l ^d *j * <^ti ^L iwLA 

5jL_a ^_yj3 Laj—a-aC CjIj. 1 "i >JLi aIj—J—>“ ^ Ir (jr)—*—^ t4-_j^LlJl A ^ iJ 

%• 

cri! cr^J^y' (>^ UU-C-J X''^) 

«^_(_uLa j ^ t(^U,VI i^jji j[ uijLaj 4_a^j 

CxjL^ Ijj LaI t aI rtl! (jj-tju_)Lr^ iiJJj J-a-aJ c-JjL^ 

• ^^^J-loILuulaJlI 4 1L«I ^^4 *4 (T L-AuAiiS[ii!li<,i< (^Jl}I La^ ^^cjlum 

~ ♦ LaLaj 4^ Ml (jyic. <-_3j_«j ijj_AljJI Ca^^I 4 > < It <!Ij LaI 

tTc-L-uHi! ^jjn jlj>JI cjLlLax 4-AjL.^ri<,<>11 cdij L^ Bjlc.L^I ^|)> 

t L/aLoj «i ^ J A \ t"<i 11 fiJJb (jl JLdJi-X.1 •>■" t<L_^Il]Lj (J^>U 

jjl jL^t > jU- i , „_I Ja (jSLI *5 jLI<A-A $jiJ|. x.^ ) cJljLOJ fV 4 

jl2l5 S5Lj.j>J1 4 ^ ljjL>. cjLa^Lc. L^f ^LliJI j.. t.a..aj 

- ^ j 4 L 4 J A* 4jL) V ijL.>>l d>^ cJijLia-ij ^ 1"^ A c^jSLlI 

CjJl-^j jl^ a i^ 4.tl j U . .iSi\ ojjt CjjL^ Ijj : j-A [iJt Jjl-a!Lj 4_j^^I JlJ-tJiJlj 

, 1 aIL^a S$i_Lj>- jA^j i JlA (3^-4 L7^ 

** ^ 

^jJI a1—A-LxII (jVj ^L^l fiJJt j. 4*a> ( < ♦ ^j_/A £j|j)^ J i n t4 S i Ji->i.]i (^7-A-d 

♦ [cjLtjVl 4 >a a^l La^a^Ij 


(J-^ u 


^>ilt J##ilt 4^^ilf |»i^l :>1141 i^UY 


.!Asi^~ ^1 i((c^))j 4(( I)) LTV aJL^ 4Jljj_LaJI Cj^j) 

J-i ul er^) OdJJ A < ^^ ,3 ((jjoi)) I 

^Lc.jVl L-^-Sl—<-u ^ JLla, i I (jVl 4 JlSJ 4^4_a^^iXI 

^ aU ^^^>SLaj < 4 4u4Lua ^\, jAj Vl 4 -aS1^j jLittj j-Aj «cj1j^IL-oV1 

4-^,.'>. (jl j <*ii A t^jVl 5jj-ail*l 4 < fi A L(V ^ 


(j] iljVl (jr^ (Jjjj ' ^ y SL^I 


















J <**<*< nI ^1 Jusdu-oLiJ , 4j>j <^ ^J ^^jJl til^jl ^<rtj 

■‘^jLxl.l 4 ^ 4_L^ a > L am i^ \ ((-i.*j)) / _^l_>il,l (Ja T loi J i(^ < t . t jJI LT^ 


j^JLjus\ CjLj^-^ 4^.,xla j jJi Jl£LwjVl tjLj 

%• 

‘^:P" O^ U^ O^ 

(^jJb V 4 _)Lj 4_»»^I^j^ l_3^^uaj ((<-_))) ^^^L>Jll (jl 4 l^^ ^>Ld ^.^^3 

^ ** 

(j) 4_S-ija->. ^_yic. 1^ <■ ttiUjJ ♦4_1_>J1 CjUjISUI ^«-5t:>J JL:>J1 ^ 

cjjji< fi!l a -!> .tl 4 j SLjjhJi ^l^Lcuj 

CjI j <ia j. Jl ^Lge->.t (^_yA j..ju^ ^ 1 —:^^l-i < 4 JL:^^ . 4 r. L>^ 

4jj 1 JlA i{(LJ)) ^^yoL>JLl ^1 4.jj-ujJljj . ALH 84001 jj:at:>Jl dJjjiwjJLl 

** ^ 

^_yl£. ^L12 j^ J:!^ Cy^ CjjL^ CjLj-uaj_Jl ^1 jj^jJLl ^j.4 

(jt C.4i1j ^1 1 4 AJ.'v) ^ t~ J < II .^liul ji CjLxjuajjJt ^L) j»>»JI J_^ 

^j) jl ^loj iy\JLju I 4 iL^ i Cjla-tJa,j I !1 4laj_tdaJ 

.jjlajVl CjjI^ L^I jI Ja^Ij o'jjb 

t4-JSJi 4^1 ^LL>iJ L 4 ^jl (_yl^ f.lj.jL>Jl ^A4J w (3^^ CjjjLjJLi (3^-*Iy i-4^j 

4»<\> JSVl il^rtUj membrane f.LtiL ^jl t.«*L^ jl!1 ^ 

«• 

cjIj jJl i^jc. 4_flj^ju L_4 ^1, L^ii-lj S, > fl t U ^-aVI 

*» 

bVj jrt**<it 4 j<,«L-oVI 4_4-ili^l ^Ijl jjLSJI f t .^.*1 1 4Jbl Jlj 4-uLlj4j^1 

Lu^ jl iJ^Vl oljJLcjilj ) * 4 SI 4 -L 6^ 4-" Spatial limitation 

«4 

^ * I 1 '" U_J^ jl ^1 IjLib . a ajj^ 0^ 

JiiJj iL^ 5 jj 3-^ U3^ 4-iL>.b ^J] ^\ ^Lua^Lj ^ ^_yl£. i;.L1JlII 

J-A ^ S4>^ ^ L * *Ajj 1 1 ^34 <.04 tiU (jl *(J^^i (jr^ ^ * (jy^l ^^ 

(jr^l c-flj^ U^-4^ .jJ14^Lj T * • ^1 i t (J^lo i2L4J_^| 

^ y * * (>q.4>> (j? (J^Vi (jyl^ 

cljj^ ..i^^-llj ^ * I 4 ^ l)"^ (ji—ul—>■ ^ . «■*! **I I 0 1 t^4 

aj a < U (j-4 (jLi! I ^1 L-iJ I (_^.flSL) Jl5 j , IjJLajjLj YO 1 ^ ^ 4_jl / » V 

«• 

4(_yuIIj (^j (j^ j y^} ^IdLju I V (r . (j^Su (jyltllj t4^pJl LjjLiJl cLa-tjojI 4Ai-ti.lllj 

4 > 4 jL 4-^--0 Li\ t >^t i lU ... I < t*». J ^ L7^ 

^Juu ^4SL>J1 ljLi^4J tji AaJLlII a I oLl^^I jjjo La^)-j-Cj 

. LaJ^ 9 1 lyXjLu I / 4j.4jL3e-4 Ij jLst^ CjLtua-LJl / ] 




^jaJI 1,1c 6l^ QC 


Cy^ :((^» ^L>J.l ^jlx 4 jrt ^ Cr^J 

*• ** 

T* * (jyi 4JLi-ca£jSJI ^ . ..i 

^1 L > . ^ L lf : ^ CjI j liJi L^3 >Lj!L4 4.j.cIo * 3 

** *• *• 

L^J^ iChLy^:i^\ J!L4a narrow <Jaj^ c%iiuJ ai_L .Xj <tl ^oLlj 

il^jSJI Lj^^ Ol^ I jlfl ^ oU5l£ Jj 

(>« tAe»^ '-4^! Jj) J*-^Lj jlsJI ^ L»_s (_yi£. 4_^ 

Cjuuuj^ J-^ i- < 1 i ti ^ <,ii.rtJ Lq^ i^jLtjujVl elljJL^ c,L.LLar< 

^ ** 

CjL jjua_i-^ 1 n1 ♦ y i .it 1 I /C ^ 1 ^ ^ x^ll L^^Lse.^! 4_^Ld ^iJLftj 

jl r Cr^ ^^3^ Jl (j1 pLu S4X4 .x%>3 <LqjJ^ L^Lic^ 

4^jLJI (j j , " < 4 .. 4 c^ 

M 

1 <r *^_La_4-uJl 4_ljU ^-o (jL^ ^JLuajl (jjJ t4 _jSLjj—<5V1 



^ju^ ^^jji jljjulU I ^^3 4_t^Ld ^ 

t4 jl1 ^jikXkSLljj (^^) t <11 (^^<_4-ujq ^ (jt 

4jjL5t-/0 tALaEj>»^l dJufc JL>.lj j i 4Lift CjIlJJj,^j >a L^jJai^ 

«« ^ 

(>1 4^ jllIL «4^j^l L^-uSL^t» i>JJb ^ rt nj , JLJJU^I ^ J^sLaoU 1^ <>q 

^1 O*^ CX/~^ l)^ LT^i AI (n a iVi diVjULja f^^jjJLs 

«» T 

. J^l 


4j1 ^1 J-SJbl :<((Jm)) ^_^L>JL1 

i4_L>Ji CjLIjL£L1J ^^jVI pj9B.>Jl jjfe JL>.i^ 4J3 Lc.j1aj ji <^**« aVI 

^BLonJI ^l£L>al V Lul i^L^jil! jl^.4.11 jL joILlu-^-U .**» 

(-dLlA CujI^ ul ^ 

< /t i>ttl l^ i 11 JA J 3 VLs«-a cilllLcij (^. 5 :i^^ L ^^3 

^ t n jl^l (A U 4 JLj 9B-A JLdLd Lojj TCJjJLI f 1^ 1 ti 

^ 4* 

Ur 

jJI 4_ii ^ ^.tit. I Ijub ■»• tl 1 4i.iIr. 


JUJll I jufc (S V J>:t: .4-alj . JUJlrJL <u] 

* 4* «4 

L^IdLdLd^l^ L_.4^i^^SLII jl^^ ^ j ^ ^ Lt4^ ^1 1-4^ i^^xu-cuJi ^ « 

4_iiu£iLj LllS^jl,^ (J^ cdJj 4Ji!L4 4 _uujl^LIaJII L^VL%.4u 

4* 

(J t<ijloL/.t 11 pLscTu^l a ^ 1 t JL^ Iru'i t.nj V LuSLI » 




iyj9a*ijufcj 


10 

0 

ojjt ^JSLuij Cxflj ^ < II j lol ^IlH (JLj>JL 1 5^—t(J j) ^.■ '> A (jj- ^ ^ 

«« 

Lxj! i l^jl :({(j-u)) Jjj 111 iLiUli juu ««4-2LpAil 

^ *• 

cr^ ->J-^J^' J^ ‘U^jVl r > j~ . jl-v La U> Jic, 

•• *• 

pi I 4.J L^ 5 jLc, ^JiLs ilava flows oLSJajG 

1*1^*111 ^ a-Laliej CxjljuJl>> LI I i^ y «SL.n 1-^1 « 

^^_:se_j>JI 5j^_:wjJ,| d ^ •M ^j^LxJlLj LlallLit-o j"U Jlj: ^ V LcJ 

.ALH 84001 


^ iil.'><U ijL^I t—fl^ri-tuij ^1 DjULfijo d^2j 4jJl>. Luju jJL u aVl jJ^L»:j 

4_^ (^jLan (jAh^J • L^Lftj 

*« ** ^ «* 

j-jvl Jlilud lA^ i(PAHs) cjLaL>JI SjujLtJi ^-^Lujij*^! 

5ajj_fcJl ^LojjVl q\ cA ^ cA^ 

V - 4.j^Lj C<.,4 II j ,f L^L) ^ 1«4 (PAHs) CjLoLssJI 

Jj—« J - 1 J-i-^l j^^j^-j_iJi J—»—>J1 frLxjl Vj j— 

«» *« *• 

4 j 1H jL3B->.Vi CjL.3l>Ji 3 JU jL.Jt!l 4-^Ljajij^i jL-1.^1 

«* 

JoU^I ol U-^ (*J-:J Jl>^ ‘tij- 

j-^ cjLj^jj^LII cjLjj^ 3jijj^jll CjLflL>JI 3jujutJl 4_uL<s^’^l oIjj»)j^J(jJli_^I 

«* 

^A 4j£!J - ^jLftJ) 4.^j.^) 3jjj^jJLI JoLoj^l llUj 

(j'UU JLi^G ^1 ^Lu:>^Ij . (JI^ JUC. J ^ 

•* 

Sjujuiil 4-^LdjuVl cjLj^j^^jj j j^I ^L-u3j»A jLjJLc^I 

*• *« 

^'l .c1jLj^^£J 1 tfjLA 4i J ,<-.4 <:!j-_:Kl ^4, iId JUjLJtJlILjJ 4 CjIjj-ji^^£L11 ^ 


JJ 4(^j-uaX. CjLljj->JI dJJb ^J-u31 jjLJl j^ljdl j-Aj i(( l» ^_y»L>Jlt 

.<iJLl j CjjJL>. i^i-u-uTill X <u 4ji4<^ cA^ L>^ cA^ 

\r ^ * ^ 

.x^uiiJr. j-ULi-l ^ ii*vJ :((^)) ^^^L>JLl i 3 j lAj tjl^^-4-j-«-uVI t, uu^ 1^ 

*« «• «« M 

4i.;^ ^C^Jl! 1-4 JU^ 4j) ^^^3jJL>> ^lTl^ t c3AJ^ 

LjjJ^ cr^ cA^ J-« (J^ 

^ i A^ J i • 1 Jj-Al4 ^ iSL^I Lt^ 

cA^ 4 4 ^ 3 < j j-^Vl o? (.A^ s«-?^ ‘ 

* ijM- o^i-Af lA! 



^>aJI SLp Oc 




4iUi^>It4iL>lA 

J jtj j j^JJjJl 3 j-jJwVI ^LLuDj-fl *" < i>l VjL5t-4 «!» j_yjcL>iJLl 

«• 

^J:>.1^ 4-_tJL^l 4_4_/Q-<fcVI CjIj CjLj^j^LII CjL^-^ Cij^^Lj (j\^I^*Jll 

5Jjl f^JLaj V 4jlj <;L^jVl JL^ >4*^ 

’ ** ** 

^j-A cjLjjj^SLI! c.j.jj ^I cjLj_uIjjlII ^1 

Lojkj iMcSween, Jr. cij^i Harvey (^jLa <-aJlj 

•• •• 

Cy^ (jM- cr-*-*^ U> " * * '‘ J i Ly^ 4_i_^Lk ^ 


jLaijwVl ^ jL^^j o-^Ljtil interpretation Jxjtj ^ ^1>^1 

«* •* *» 

^-lIxj tALH 84001 jLj^I (j-<o j*t> 

^ ** 

(^jiil L-i_L^^ 1 ^ ((*1^)) iLfc-jo aJLd^ 

^ *» 

4 j V SjJtjus j^kJL^L^ j, j aLj (JjL-illj ^l^j 

^jl £^j^-.auiSLoj ^j<"i <«i cll^L^ajj JliLjSbj! ^ j—lijLj^ 

Jj i4j51x 4^jJ a • j (jjj OJ^ («J 

.(c^L^jj-^ > ^ ' * ) ^ij-^ ‘ CT^ «j'>-»- CjL_:^jJ Jl1£. 

iU t^\ I t (n 1 4aJ<r Cj[ i^oj CjIj^^^^LJI £^j^-uiSLdj 


jL-Tc-^ix^ 4_jLi^i_/a ol j ^ ISLiIuaJL) 4.,ajLc 3j^se-ju!*> ^ ^1" (jy^ 

** *« «• 

(Jji^j-u jljo L^ *_3jl2j Cy^ basalt CuJjLJl 

(J!lI (3^1>4j 44_^^U11 <—ci<j>tjj jLj-uaS^I Cy^ ^ <^**4 ^ ^ ^ 

«* 

LdJlb 4 ^ j I ui bands 4l2)j_uif L.^ o^ pL2JJ1 I jla 

CujL.^ ijjj . ALH 84001 uJl j, ^tl oLjj^LJi i ^ b>** 

** «• 

JLxf 3^^ L>^ b) ^_^L>JLl JjLfcj LiS t4_5j^^IaJl dJL^ 

«• 

((^JJU)) CjV^L>JI) i.T*^ ^ * "t.lm » 3 LlJ>JIj ^^<Lc. i^\ ^I 

4» «* 

14 rt h ><U j^lln iJi jIjlcI CjLcuL^ 3^ 4 y ^1 aJJt 

*» 4* 

1 ^11 < r. 5jij-^>Jl 4 —:kjj ^y£. 1 ^ t t«j 3^ »L<iU II (j-^uu 

•• •• 

^jJl lLLUjI ^123 V L^f [ d J ji t <1 '\ 4jL4.>a^ i3jl2ljljo >«.!l .CjLj^j^I 


*« h) ^^^L>J.i 3^ / A \i ,>> A 

^_yic. ^^>*1 ♦d?;} 2 1^ oU ((!» ^_^L>JLl O^ (1>^^-^ 1-^ ij^llLiJl (jy^j 

' «4 4* I ** 

JoLc^f 3 I (((jui)> ^_^L^JL| JJlcuJ^ «3L^ ^L^jVI ^.9eJ>J IJ-^ dLjIuVI 

1 3Ji^^_:^jJLI (PAHs) CjL2JL>Jt 3jbJLjJl 4_^L(SjjVI C->hLi■ ^Ji 







<jjL4 j. i jJjfc (jS>^ • 11 ^Ji.>o < ALH 84001 

Ll)L_fll>JI 5jljjL*Jj <L4 jL/<jjijV 1 JL-J-^l i^jja 3-^ J ^U (_yA 

•• •* 

iLo^^Lj 1 ,1 i l^£:jL5e_U V ^ SLj^^-uSLjJI ^JlstliJ LdJU^ JjL^Ij 

»((JU:i^VI jl^ j-liiLuil cjVU:i^Vi o! » 

^ rtlTi j ( <\U>1 ij\ ilr. i^^jjJL) 4 -^Jl3 2Ljj>. I III 

* 4-A^jJI 1 


?'l-bjJlj ^jja (J^ 4 j ^LJU^I CjLaJlSLII tlilj i^jLSJl c-uolrfc-jjj 


4^j)lnm CujL^ Ijj \ ft f «ii~n ^jl 1 < ^ 4 ((JjJl^1 J 4 <11 ^ 

Q^^jJU ^jJI ^LqJjlII ^Jjb 4 j Mi 4 4_^J ^jL(^ V 1 ^IjoLSu Ij^LulIjus (_7^i 

*% 

crJ' (^5>H (> OJ a|-V a ALH 84001 j.^1 iJjVl 

y i . 4_%JyuaJl 4 -^Jlj <1 

45 ^^ ^l*ir«< ill 

^^SLa 4 ijA ^L/oixIl L:».lj V ^l*<^TuyuI CjL. ui 

<.iillj1 ^1 - 4-^J ^ ^ <i - ji n]n2 .4 Mi ^\ ^ t(jiJ_LaljJLi 

^ t4jinflti L.t i.u^ »1 41 tjI l^Jl^ Vj «^lo^LIII JL^ itrt J^U 

(jU (jj) o loj Cy^ (3:!-^^^ (^<o,.LJ^-4*<ti ^JL^ 

l^\ *LfJL^i Cji^lx.jVi 4-'V ^^Lu ; < 11^1 J 1.4-^ ^ ^ ^ ^ 

j\ ij ^Lc. jJSld * lyuOtVse-ji^ jJjlAILj jiL^ltJl J-O-JU 
CjVL^>J( n-i 


^JL |4 LT^ ~ 4 Xij 1 JuA^ i ^ J M < I 


i, • 



.i^UJI UUj JIo^ IJ.u-.^I _ ^UU SjjL. oVU. eUlL^L 

tljLa^ 4 ,<q^ ciJLp-iuiVI JLC.1^^ CjVjL>iJLt <1 jJl>«JJ 

*» 

. j^jLlXl >pLj L4J dll^jLJ t**< ' 

** 

SLo- lJ^-^ oj-LbLlJLl (_yi3 4_L5tla_uJl 

«» 

CjL^jJj CiLi^.V i*<ill 4JjLiILa 4^j^»3c:-a (, L7^ 4^Jl3 

J 4 VI (ly* - .(Jjji^l ti>ljJt_j^O j1julL-uV1 ^jA 





L):^-^^ 3jjl>JI c->ijLi t Ji ^ flll ^ 1 »H (^L>J) > 

«^LbiJLlt Ct^I ^>-^4 

4jI (Til **<1 ^jVI ^Ij t a *4-.j.4-iAii <J 1 >I ui ^LlXl 4 ^jJlLj 4 LLaLo-it 

iy^ cdJj Lr^J Ct^ tiJLtA CajL^ 

ALH j^. >JI (jL>j i(JjL^Lj cdLlA 4_2LjL-ui 3L^ >> ul 3 >'* 

^.L^ijiil Qji j -*~4 j^U (j^j • jLlilf.Vi t jub ^r. r> ^j| 84001 

iSLpJI 4a < rt>a V j_^itjjJLl jjl 4-SiJlj 

IM >f 

. 1 rtj je ■ I I I 4 U ^ II «-IJ jj lAijt SjkjJ (< ii e< >i i-flS^I (jj>>-I tOi 

4_^jt SjJtxo (^) IjjJij lit iJiL J>S]Lj )., 1 j« (oJLc. 1^1 

Cy^ <(2y^4uiJI (yo ^,4 c. cjIj 4.aloL4J 

CajI£^ 3LpJ) ^4 Lu cdij dLi^Ji (jt L 4 L 4 J 

4^J-UUJ -> l/i fiJJt I 4 ^ .O^jJl cdJj \ <1 ^LjwjI a.A-4,^ 0^^2tJ—A 

•• •• 

lip* 

cdllA C 4 <» j!j L^ij cjI^a.^iII JSLUIjj 4 UI cll>o isedimentary 

■^i^J (jT^ (jM- igneous Sjit^ 

4 jqjjlS SL^ 4 >^J ^12-4 Op® iiiiJjJj .3 jl>.1j Vj iSLpJl 

CaJjSo CjLj^j^ ^oj 4 < III 1,0 Lbj» 4 ^ 3^V i/a 

4JaiJlj jJUiluf * JL 4 ILXVI JLuu IjJL^ Jjl-oJIj (J^uum jr^-unli (j^^j 

«• 4» 

(J$j *c^b^[Jl (jLib {j£;^mi ^LoIaJI 4jdi^)j^ ^l^->*iiii 3j_3iJ) dJJt CjIjL^ 


*C^LOJI IJLA (jJj^jLi,\ ^l-4±t.n ^-^4^ AjdLSI^ini-> nil I dJLA C_lljL^ 

.^IjJl JjlUL <ijJL>. (((JL 4 lt>>VI JuAJ)) (jl La J ijbto jJb ^3 uj La 
^ Ijjlf 4 ^jl3 BL^i >» Jl 4-3 ^1 j 3 *1 Ij 

jj ^^Llu-uj ciDIxJj 4^JL3jl 3Lp>Jl (^1 t4jL^^! ji^Lo^lAVI 

Laj^Ijj Laj S3LL>Ji OLuj c Jjja 4il^l cjlaSLli ya ^IjJI 

«* M 

<jJJOb Jjua y£. ^i-^1 (^1 LiLuaj l-i[^ S3LpJl j^.^IaJ Lajf..4C- 
<1,4 4ibjL>Jl^ 4^iJL3i( t3Lij>»li 4^1.4.Ii>l 4^^^jLja ya 1^ il^ 
IjjLoJ t3i j J-ua! (Jjl^Ij AjStyJU ;^«Ixll Jj-1jloJI jJl3JI 


4-4jj^ 45P‘J cjVL 4 rijfc.i yc. 4 4^6 insights 





juu ^jl 

O^ >LaJ-^ IjJ-:w 

t! l : H ^ ^^Jl9 ^ ^ J. • >—iii—J-Jl 

«* 

J-4^ Ct^ si j ^ c_dl_Ml "i ^1 

(J^ <iC. Sj)ln^ ^ Im Vj 1 /K <>j M) 

L^ t (jl^^ 1 i SLj-i^JlLJ 4 S.L».*< A 4Ji^-4_>. ^ J ^ 

«* 

<.^U*>j SL, t ^11 iyu 4 I Mitl _ a 

(j? (jij — Ml li ijLA ^1_ol 


• ^ 


LidLc-ti cHlaHjI Jl^ 4..^Aai«^ ^ ^ ^ 

(^I ^1 «dLj.^iJI ^ d ^ *1 t A 


cosmic « 


JLh»» 



(>» <r!^^ LM^tlj j^LAl J-SJJl _ seeding 


j^J ra . -J I ^jl 4 S j rt > . jt _ (jr^! (<dl—C 

converges L_« 1j Y < Evolution 

1 4 (J^lLAJ L^S/ t4>^l Ml,.?!,^ ^-jLIuJI 

♦ 4^1 mm^q 

^l- ; f ^ C-^ 1 —4 U r i. < 1 Jjl oj 

iSl—i_>JI ^jub 4_ uIju O-jL^ 

S, <>il uL j ii.!I ^jg, 1 *« ^ ««< 


? %• 


T^l 


Evolution 




I LiJLi-A CClilj^ lr\xJl 

* <( L(^ u! I 


'i^ 






1 _ 


•9 Jf 


,1 . li^V 


I 4-JjJ^ <Ll^ 1 t 1^ £i ^ jUo ^j LoJL t o JL^ j ^ ' “ La Q 

y 

^ i 2 ^ ^ {^“"t, ,t sL- t -jJ t ^j) o L-ujj lJ^'^ ^ ^ ^ ^ OxjL^ L^_^ 

(J-^L L^ I jL^ L«f . jJlU 4 rt t ,I ‘tl ^ ^ti ^*1 ^ A ^ (3^j * 

«* 

ciJJli 4 _<_u1jJLj f Jl-lj ^1 Ll-i.lAia <il_^ju ^^.SLajJi 

LjlA Jj_j:vjJL 1 <-LU j J — S I jJ 1 jL_i.j>.^ I I 

** 

. Laj).4X. 5 La^I 1 L7~^ 3 t ^ (j ^ ^ l~ M t O 1 I ^J^L<£3^JLiJ -, ^ ^ 


N^jlif (DNA) U Jf 4^1 


^ ->■ A ^ ^ ^ ^ ^b.ll.'^/!<-faoLoj .(>jVi ^ si^ (^1 cA 

long-chain 3IxJ_cJI JjjIs hSj-^ >> «»~ «j .earth life «a_^jVl 5LjjJt» 

rtt.ll >iiI j> "i _ ’*■ ^ ,9^^} ((DNA)) LjlJI 

o-^ iy^ ^'S>-=^ .(deoxyribonucleic acid 

(j^jualjVl) t.lajlj^l <j-« L-flVlj lI>^ L^jl> ! ^^/uajJLa i Spirals 

. l.^ti (jy^i CjL_ jij^-_>Ji iCross-links 4—iJl *ili 

^ja i(^) ((uJLjU^^-jJi£^)) iuJ (^jJlj t4-^l 

lIjI JLjjj_ji^jjJl L^J 4^1jal,l ^1 .CjIJ^T 

«• 

.^1 (>5LSLJ1 Uj . .-^-J ^1 d_Lj^l DNA l^jJI ^ 5 .1 1 ,^-,t l 

«% «* «* 

DNA UjJI ^ 3 ^A.U I cjU^JLL. JiUl^VI <^l 

»* *• 

. ^ ^ ‘ tiifi ^j—^ 1 —ajlIc. lIj 1_<o jJjtl, 1 cjjb Oj cj^j ^,11 

5j 9 > l^t IIAJ ^c-<-aiJ LL^A.^ tC-rf^Lua (JllLa 

. LAj-^ Ct^ ^tlUj (J-*-^ 1 ^ lA* \ 

p < ^ 4 jI:»^I DNA LjJl CjLjj3.:v ol-^ iL^Lidl ^ISJu LajU£. 

S L .“j. t i <—sVT ^j.ja JLj>-1j J-i-ix3 ^1 1 j-Jb 

** 

4.L i ^ ^ L^3-L^ aha 4_l£, ^luj \.aj» iLiJLxaaj 

f^jjQ ^ J) < iL > 1 L^V 1^ l\ j^ . 4 fT 4_jjLiJj 4_xJ^^w:^l 4_^LuaJll,l diLLLiJjVl 

«• 

pLSdl J j)rt 1 1 4. ^t^ j 5jLcj ^j^jljJ.>iJl (J^ 

4 L i"jJ. I ^IjijVl ^ ^ U g-1 i A f Vi 4 _JsL_ju3Lj i4_jJ_>Jl jJ,:Llj 4,.iJftL^Ji 

r 

i4_iLaJL!l ojjt backbone er^l ^LudVL iL^L-^aj 

•• *• •* ^ 





81^1 





/w« 


Cy* 0^3^ 




Jjj^L^JI Cy*3 ♦ ^i-j BLoirf^l C>luj^.j^1 4l»Lu/jj /^^"tt A ..>j Atij 


V u;^ ;(T) ua-^b tJfl (A) ua-b*>< UJ^ ^ 5jt>4-aj jj-Vb Uau^I strands 

bait p --‘ ^*j {replication ^ <n t~ 11 » a <(^) j i ,iJb ^1 (G) b!;otj.:^l iJj-jJaj 

A^llaJI CtLLjj^l jj» daughter strand »4.:bb 4Jll3)) A^Lb JS ,t _4jij {LJ^ DNA 
DNA bail Lb)^ 3; tUij i j^LbJi ^ JSLI CiLUblb* ^ J^b 

.parent molecule «aJl^l ^ «ol^^h» 













SLp 


1 I 111 t ^ i y\ \ ^ ‘ ^ (replication ^ t.<ijLtJ Lj /^l <> <1.11 

Li> ^M ^ ^ ^ 1 1 L^L4 .j ^_Jl(-<4 ijLjjL:^ l£L3^^^..xIiu 

«. lr*> ^1 d /id . .1 tl d \ 1 W I id ^ ^ ^1 (1)^^“^ ^ LT^I 

f-Lu 3jLc.i 4_aL4_C. iLjL-uJJJ ^ ^ Sjj) (^JL-2 JIj JLJJL^^I 

d>i5"^ 5 jLc.| 4JL$L<u ^r I i*fi (JL_*_d! 4_^L-uauIlX 1 C1 jLLsL_^j^1 

dJL>.j ^ <1 oill (Sjj-iiLl jIjLcI jrJ-J ^j-A <-Jjl^^l 


ALo^j (j^JlJI ^jQ * 11 ^*^J «.ir>fl A 

L>^ ^ dJj-^jJ.1 Lillj (^jQ L^-t-^ ^ L ^ j CT^ 

•• •• ♦• 

llILla (1>^ ^ (E)NA IjjJI (jL^LLdL/4 ^&.4 ,ujlIJ1 <LjJL<^ 

6 ^ 6 :^*^ L>^ l>^ 

«» 

Ix^ ^l£JI cjI ill^l I 3 jlc, cjLAxJijl djub 

w 

• I yX dbJLJhA^^ ^^dLjLj 

I ^^u.xi.u jx^ 4 j ">%!i 4 _jLiJI Lxjliij DNA LjjJI cjISj^^ ^^^Lctluj 

LjjJI JJL>ij^ »j i J ^^ ^l£[aj| 4 ■1I.4-C. ( ilrt ti ^^JxJ 

•» 

A-flLusVLi c-o^j Sq^SLj I 4 _jwjj ^\ iLij a-jusL^I DNA 

Bjlj^^ ( 3 ^ DNA IjjJI diL^j^i^ ^1 . L(i.nij I j 4 j rt 11 

«* 

(J!(jo Lc!^ (Ax-l^jJI (J!L4 djjLsbx 3jj) t I <_d^jCJl 

^jx 1 , 4 _ijLIL>J! ^ *itj (J 1 4 C-i CjLx-jua-^l 

‘^juloA ^LX-l£. liJLuk 4 j^J ^ SjLc,^ jl dlj^L>. 

4 jL-uaJl ^jA t U> 4.11 ^JLcIL>.Lj _ I^JjLa u ^1 DNA LjjJI ^l^^-.i.>J 

1 11 U »**<A ^jub DNA LjjJi ijj lx _ 4 JLbL>tj ci<j^> 

«» 

LjLua-^l (jA jjLc. a^j . 4 -«jLc (jA j^^jJLl DNA LjjJI jx 

* ^LtU Aj^^-u ^iXu 4 -uxIL !1 dJub Jjuu ^^^>S>J( a^Ll^I 




::j1 


ir t 


j^i| (liii^Jili 

(jt d)^x^ (DNA LjjJI ^-tjuJu Axlx-^ 



<jr^) ^ T J~'’ J* 5jj-uaj <C. 

.a1 y ,.ti A^Ljx— 3 I ^_^^1ji-4I(jVI JoLulxD (Jt rt> i^licll 

i^j£. A-iLJ-Ala 2»jj_-uaj AJuVi oLa£)-j>Jl Ju>.| cJiilLiu ^jl Oj nlnti A-jaeujJbj 



6L^i 


5jLu 3 L<ajj L^aj c-J-cI .djJtj 

tjjlSillij SLpJI t iA v-i^. L^VjL^^ ^I^Lj 

^4 "v Llii CjI^ j.tliJj ^^yoJLi (jLfl *(Jl-^ (^1 (jr^3 *^-^^-‘-*4^ (j-^ Lf 

«» ^ 

^ J* -*^ Cr^ 4jaj|j3 Ou^ cr^L^-bl JjiJa ^1 ^jr^\ 4^^ Cji^^.Ak!l 

^Ji Aui ^1 L^j.ulijj (^L>Ji It^ 3l^'>iJi jl-lS ct^ »1 rt I LI 

Jj4->u 4_j_>Jl CjLLjISJ) j ^1 ^l^lSLc-J t< ai^i (^1 L-ili-uil 5^ rtla JI 
•» 

LclL^ jLSL^jj /<1 ti^t, 1 4.3>LuJ 1 lr>a <<<11 t 

«4-tj>Jl oLljlSLIi /Vo Bjujl^ 
«* «« « 



^j-uALllII jjIalJl 4 ji 4f- JuoUjuj- 

%» 

^JL^ Jl3 Lo^ i 4^"1 >111 4-l>«,I( t4j ><.l! JL^l (j^o-tlo 

^J-lju-JI CjIj 4.j_>J 1 iJliLljLSkJl iLiHJI IjlA 4_LkjU 


jlj^l (jr^ ^ L>^ J- J . J -, CJ i ^ (3^W J>^ l^JX. 


iL juJ 1 <■ rt <AJ **( (^J-A ^1 J l—JUiJ (^1—^ » 4__»t-u—^ ^ ^tl l 

** 

4_:j^ ^IjJi! ij] .(cjIj n U lt 4.^^-pi) Cr^! ^L 

b^j^ ojL?'-^ 4 jx-u:» ^ Ci^ t W Lol ,r 

.DNA LjjJI CjLLi\->>^ 4jlL ^J0.^I1]| 4_iLo.*t! (^0 Jl>. 4 >A,<^ LuajI M4 


•UJt wU 4^^ KiM^t 

a^l^JL^ (> ^ ■^'~ »'>^Vl jjl^ .DNA UjJI oLl^ (>« (> 

«• 

CjL.j£^..:^i ^jjo <JLj «„j 0 g i j jJl. 4 la oi»-L.jj^ 

«4.^^l^jJ ^V^LSLll 4-_fl£^^ jj3j-jo bj-^ <■ v> Ij <4. 

** «• «* 

ttlUjJj .4j4-:^i uy^ ?rl^! 4 -Sj^^ JJLao 4_Jl^all ^4 <u*> 

DNA DjlII CjLxj^jv Li^Luaj 4 la n^^JLt uJ^ 

^JjoLSLII ^ fllall i^\ :^_^-.>Jl ^I^LII genome ^jJLj—>J 1 (JXoj <l_« 

^ ^LuaudJI 3 -d^J t((3L-i^>Ji (^LIl^)) c .4*1^ .4JiljLi^ ^ 

, y^jJilA ^ ^j$ J. 4 A^ >o-u 

*• 

(]^,L<4iti 4-jtaaiaJl Jjut «5L_c>JI t^LUJ^)) cJl-JIj ^ 3 ^^^ 0^3 

4!iMj Cy^ uj^ igenetic code (Sult^l) 4_ijlj^( Sj-iAIl 

i 4 "w JJl^o 4lajljILo DNA LjJl!I 4.^Lju_ 4 CjljLpj-ii^^ 




^jxJI SLp 


. 4_lju3jVI SLjjxJI i ^ A, <xij L^jLo T* 41j» ) (n L^i 

ilajlji^l ^jj6 0 ' * S ^ (—Ojt-ioj 4— jAa — c. c a l.LaTnj 

L_Sj^^j>. n-ilijuj .^LuljjJl cj n <*uJI (jyl^ 4 jL« cjja2j Lfl t4^L^**JLt 


{((J.4.j:>J! )) (J^ 1 LAj-5fc-J jl ^L« JL>.Jj 3^ d-uitl 

«• «• 

^ 4jLalSJl 4-X.j) , 4 -^^i U-diSoi^ iCjLLj.-^Lj l-^ j 4 < <1 \ 

4* «» 

03 ^-C. JlLo 4^1jjJI a . 4j ^jJu::^l 

« 4^ >%)! OLulSLIl 4 3lj ^_yA ^ J i!V-i! ((3l_j.:>Ji <_jL1^» 


4JjL*_jo jjkj i Human Genome Project (((^j-ia-JI 

i^jjO JL-S-jlJI (J.ad(S[j ij. Mt-i,tl { 3.i^j ^ J> 

.(^) 4^jLU1 

«* 


U, c A, OR C 


u 


u 

C 

A 

G 

UUU 1 

UCU 1 

UAU 1 

UCU 

uuc ' 

UCC 

UAC * 

UCC 

UUA 1 

UCA J 

UAA 

UCA 

UUG ' 

UCC 

UAC 

UCC 

CUA , 

ecu ^ 

CAU . 

ecu 

cue 1 

ccc 

CAC * 

CCC 

CUA 1 

CCA i 

CAA t 

CCA 

CUG * 

CCC 

CAC t 

CCC 

AUU 1 

ACU 1 

AAU 1 

ACU 

AUC 1 

ACC 1 

AAC ' 

ACC 

AUA -* 

ACA J 

AAA 1 

ACA 

AUG 

ACC 

AAC ’ 

ACC 

GUU . 

1 1 

CAU • 

GGU 

GUC ! 

1 CCC 1 

CAC ' 

y 

CCC 

CUA 1 

1 CCA 1 

CAA . 

CCA 

cue ^ 

CCC ^ 

GAG f 

CCC 


) 


) 


) 


} 


u 

c 

A 

G 

u 

c 

A 

G 

U 

C 

A 

C 

u 

c 

A 

G 


>w » wnnfl ««»«»9ti» Kw if u <»»««»iia> a<mK *«« c-) >» nm eii »<» ««M^ ;j ««" »« »i i»n > w < f « « 


ji iUuuLja t,un 4i>> A^t^JLa JS iji 






RNA iV’ JSL^Jl loA . 


-c** * ^ ^LdiJi&^iLa l^L2lj4 q\ ^rJU 

•■ v» * •* -Mf V> ^ • 


^1 ^15^4 ij^ 3jJi_uJI i ^ j.lc CiLo^JUdl J »j>o <t >*n) 

1 4,Jaj;^)JLaJL) ^U 4^1 dlXA JL^Iuljj U.M^I J.^|j j^l 


.(thymine) uj^Jt DNA UoJI b>U L^j ^1 






>\ \ -><11 


iL-L->Ji 'ir 


Ll^j£'4a^l (jr^J “ A-luojVI 

Lj 4Laj| ,<.«-i!i 4JL J ^ IjlA ^ .3Lj->J 1 ^^^-i-uLt-u 1 jL^lj <JrL4J 


gil 4 -LtJl dj L^Jli^ . ^'i a i i\j A ^1 ^ ^ >.1., ^1 j dJL^ 

6^ u>^^ *SL^I ^>3 j^ Ij ilsM (S y* L>^ 

jVI tjru I g I <i«a.i 4-^la^ifv,H t—iM A" H ^1^1 Juo- T t- t -i 3l. j »J| 

‘JLHi (jr^ L>^ CH* 


Y * (jij)^kI<J t4 ;L^n cUtLalSLli (J-^ (3^"^^ LT^ ^JLsfc-ILcuJ 3jL.dJk^ 

. amino acids 4 ^j ^ i4.^ 1" a 4 Jajajuj^ O'i* *^ 

•* 

(Ja^Ij t 4 .j M ^jIdLqj>.V| t—dVT ^^^3^ L>* (j^ 

L^juo Y * ^1V V *< >.(tl (Jlupej 4 _Lju 3 j^i 3 Li_>Jl djj^lnj . l 2*4 ( 4 _iij 4 _jJLt c^jLscJllI 

^\ <J^ L^ i LSlLajo ^JuJl IjLdb JL^ ^3 <i!nrt„ft 

4 .lij <oVi CljLjjj.-:v <irLf 1 (jl l-^JL^niiO Lt-^^ *L:^^ c 1 >^^ 


♦ A-uIojVI 3 LL>Ji ^3ultij 4 u<1 itL j 4 j 3 j>- 4 -u 3 ^I ot j 03 ^ O' 
Jl^qJIjO 3 L;U><Ji l)^ ol^ t^ .uiOrJL j ^It "u LjoJlI^ 

cjLLsL-PjVI L_i c?-^^ 4.-.SjjJ<aJl Jo-jusL^ ^jl ,DNA LjjlJI 

«• 

4.^^ tH ^]_>SL 1 i3l.j ">Ji >.13 4J (33 _<aj i(j) 33 JL>Jl ^3 4-^1 <<a. *<l.l 

Lj^^u^j i^\ (jLLl^JI lA-ijuaj'^l SLxskJI 33"^^ ^^o-:^ (jr^ *0 4 _i_(_uLj_u ^1 

U o!^ C>^ (jA^ ^ J o-^ 

l-^, < (I_ ^ ^13-1^1 (jl i <v ^ 4(3-Lj33JL>. (3^1^ j ^ 

4^ <ilj>)i. ^^03 .^^^VLj (3-U33-L>JI ^^jjo (Jjuaj 4 _JLjuaJjJLl CjLLsLpjVi 

f'f! 1 ^i< <1 a ) 4^133]! S3 ActLli ^ JLse-L<-u 33 i 4 JjLaILo 4 jl! 4 _jju 33 ^i SLi->Jl 33-^ 

JjUiII (jl .dialect 4 -^^in 3I accent 53^1 Oj-^ iL^L.»-dju express 

*« 

tL^j3JLj3e_j ^\ 2L^l33Jl $3 A.AW 3 DNA LjjJU planetary oneness ^^,^3SJi 

*• •* 

(ji 1 tSwl3^3il dJLA ^ I3 ♦4.j_ua3^1 5 L_i_>JI djLj>.3 (3^ 4 .j>.Lua_flj CjJljcOj 

4 _j 4 jL^cILcijJLl 4 jdjt oJJt CJ 33 -L 3 c Sj^3 13133^1 ^jfA^ SLj.j>JI CjLAj ( 


^ I S*t iSL_j.j>JI 3 _jO 4 j 1 I 03 1 V LLdLcjI 3*1 :X 3 .c_-*^ 3 SLll < 11 ^ 3 ! <v..*v 3.3 

4 _j_uo 3 V 1 Slj ^Jl ^iSLuil ^JL^I 3^ t JU. 1 ^ "ill i,.l^j 4 si* *< 1,1 Cjij pi"! I 

. 1 33!LsJi ljtjt£[ 4 ^ 3SJi 




5U> ^ iIiaJI 


ilg* ,|Aai 

I > <iH 1 j ^ 3l j ^1 1 ij^ (1>^ ^_,lj* 

^*v^ISJI cj Lm^ (jl jLaocLj . Li^j^Lijj l U L^j m< i! ^ ^ 

jl _ ^j) 'tL A 4jj|^laj Cjl^^.-1-ftj ^1 (1)5^^ (j^ Cy* JU^'L^ t4jj_i^ 

4-:^jl (jj ^ j tj j ■ 11 ^,4n rtj tc.<.i,Au.li Iju^^ 4 4jL14^ Cj l^-j-JLiu _ 4..4^^j ^ ^ 

«• 

^J^JlIj * L^l M ^ CjL^IjJLa (JV <^* (jrf^TT <T ) 4 J >iJi cjLuI^I (^TV 


4 n*li!l <>^-0^ OJ (J^ (4jII^ DNA UjJI 3jLc. V icdJj 

(_)Aaj>J1) RNA UjJI 4j 

^_4.iilj <DNA UjJI ULoj^ 4 itV> (RNA UjJI 

*.L4^ iA d < »n^ ONA UjlJI CjL1j^_:^ ^ ->111 4.^ijljJI CjL^jJ,• II 

(mRNA JL^jai UjJI ybj) RNA UjJl g^lj^I j^l .cjUl^j^I 

^IjjVl L^ n ) (CjII^jj-JI L^ j 4 L^l c^jL^jJaXI 

(ribosomal RNA _ jl^I UjJIj transfer RNA J^UJI UjJI) l5j_ 

cjLajLiJLI RNA UjJI ^1^1 ^Ud>^ ^Ijua jl£.L<-uj 

j-4 master copy ({4-tL-»l (,Ji» j^jj U-/® (DNA UjJI cjLLj^ ^ 5ljlj>JLl 

•* 

^j.£a5t_fl (^jJ^J^Vl ^JkJjJi J^ISJU 4.ji^U^I CjLLu^I CjLJIj^ 

•» 

,-.i:u«r<i a ;.! ! oij-,Vi c^VT^-RNA UjJI 

«» f «• «* 

*^^^.>JI ^\5-Ji Ij^ U JJL^U (^^^1 CjULotl! 

j| c 

t 5**J C4 (J-ju 3J 4u->Ji CjUjI^JI ^yi ijyCLjj (^u 4jjLJaJLI jJ^I 

^UJLU Ujjjj (_^l ( 1 .4^*1 Ln^ (jrU U5d^>^3dd^^ ^jju-jaJ (4L^rt4 Sjjju^ 

M 

cjjI 5 ^ ^W cjLuLSJI ^ uyi evolutionary distance S jjjU-dl 

«« 

C1jjJl>. (^ji-t-uoULl ^j^JL^jJI ^^U>- Cijjjxf 4^jla!jJI CjL^U.(i 1I CjUduL^ 

*• 

3jj!JI ()JLJb CjIJLj 4 4 j <^>jV| SL- i . j> J ( CjL(^uj (^^^I 4._iJ^^Ji U.<t ^ A ^jl9^ 

M «• 

3juJ-c CjIjIuui jjJI jji Woese jjj JjL^ cjLstjL 

^L^l ^ ^Uolj (2UJtLiJLl 4^1 oU^liJl ^ RNA UjJI ^IjjJ 43L^ 

i ^ I ^ 4 , i.fa(iijj^^l 4j|j j ^ ^33 4dLi.^JI »^LuJ 4 _ia_iSJ dJLiUoJt 4 j^^ l 

«• 

Jc, <^lj J>jl3j I>ii-5 "^1 Ja^ («J L^jSJ i(jj> ' " *" U>2J' (>* ‘^L t x j« I 

.4jjjlaaJl «;Uk, jju i^\ jJl 4jt ,*^J 


XJOL 





(jJl sL-pJ! o^ Ojj 

cjL^Iju oj^ .eukaryotes Sl^i cjLpl-j-S_>. j prokaryotes Si^l cjLuIju ‘.u^l 

1 ^ (4-«j_iLj^«^Lj «5ljjJl 2LjL_Jla)) prokaryote ^ i i^Vl «JL^-uaJLl Blji]! 

«* •• 

4 -_iL 3 Jl ^ JJLJX-X L$! ‘ t t j 5 jJL-:t-A dI^j *i . > . l V SjL^j 

.ciUj ^>4 ^^^^1 ^UJi DNA UjJI 

tLiLiJl 3 jiJJL£. j 5 4 3 jLij>j U3 ^ ^ ij dljJt]!)) 5 lj-tll c 
4 fllai <4 L ^ *< »4 il : I Jl_j^ B^JLjk-^ i il . i" 4 i > LaL^Ljv | * j 4 ^ 


^■4i,(«ArJI Ijla .4j 1»JL DNA IjjJl membrane ^Lmjlj 

I4I4 1jjl3 4^ DNA L,jJ1^^u5 21^^ 

•» 

ajsLx^yijj cJlIi i^\ j ■ “* ^ Bjix. idijjiii cjL^i jo (Ja^j L 4-4 

ljli>4 < Bijlll 4.i4 4*< iln 1 1JL^ BjJusejQ 4 j^1 Lt^I 

(^jj3 «.Ljua£,V)))^ organelles oljur>»!l ^4 <.ijj ti^L p .- a^jL^^a 

^4xku CjL^Ijlj Cji^>tJ lj^ir<SLJ! ^jJlD . 4.^1.^j! 4 4 

slime ^ tJij ifungi cjL^liAJlj tCjljL^ij iCjlj|j-p>Jl ‘.Sl^l cjLj-lj-ajv 

t ,>*< «4 ji'>.ii 4 j ><!I oLulSJI Ij-g >*s Ijjlcj tmold 

4i^ij>«il CjLulSlil a tj ^, .i > <^< J?'-* * ‘ ^ i^t, y j >,) i,.o^]Jq idlja]) CjI l4^ <!->■ 

jj[^ja ajJU^xuJI <Lj-fauljjJi ^/4-) ka 3jlx.j . BjljJUI BjUitU 

I a 4- yjj^jutud k4Jj 1—aL^a-^ibl Vtj (BIjjlII cUL^I JU 

1.1^4 til - aijiii <jijL^iijb c<i^. 1 .s-fl iudij .dijiii cjLj 4X4.>j 

.41^ u^uyu 4:^!) ^ U.L^ La^Ij ^jVI 51^1 ^ j^LJl 

ciiLua^Lo^ yji l^-xc*? <titj LajLul^Ij cjI^Ijlj a ...ti />11 

iciUii ^1 4_flL_u3yijj ♦ ^ 1 ^ ji inVi Ci^L^ L^l fjji JuV iSljiJI 

«• 

JuJjtJl ^-4jLj dljJJI CjL^Iju yji CJjjlaj aijjLl! Cjl^a i a^ LaLaJ a^tM 4jjJi^ 
^^1 (_^A£,j .dl^^l 4 j 4 j a >. dJi^lj 4 jl^ aljJJl CjL^Ijlj ijja 4 ali ^11 

yja (iJlii ^ .(duLml j_9-3 ^ ^ ^ i^l—« jU— 4-oVI I JlA iiiia^v <alfl t(JL^ 

^.4 4 4_p>JI Cj1JLj 1£L!) ^jt jjj ..aLj_>Jl 


Li^l y£. 1^ cJlLi%j RNA Ijj L/l.lrL 4 > > prototypical 4 j ^ jj ^.4 HI aijJJi CjL^Ijlj 
yji Vjuj .aljJLlI CjLijIjl) ^4 ^ ^1 

«* 

aLj-jHJ! JoL4jt yji cLcJIj ‘b» 4 i. h I(jl 4-.,,j >%li cjLojI!^! ^jla ^~ icdjj 




6l^ QC lluuJI 


ji) Archaebacteria jjj 4 -jk: jiLl 

L^J Archaea cjL^jVL ^jVl ^ 

«» 

4 L^ji£L! jt<^ 5 ..JLj:^ 5jSJL5c-fl 5l^ t^U*<4'i <51 jjlJ1 CjLuIju /JILo 

RNA oLJl^jIuu ^.tT lj i 4...x^ 4^<tiLcijI 5jj_i-«aj ~ CjLpljD L 4 L 4 J 

superkingdom wL^ aSLU^w c^jluul -I 4 I 0 ^ 

«* 

»3Ll>JI JoL^jI BjjLstjo 4 !iJIj 

I^ 1 ^<0 3Llj>J| (jI ^ljjti.,< «l c 4.lr Lj jjij CjLsc^I 

^^Lj— 4 ^1 ^«II n t(''^) j. i. 1 -^ j 4 >X ^ r. 44 jJL-SJI ("^) JLiJ! ^J!Lja 

' m 

cjL^Lcii U cjLi^jI l 4 Cjjt .31^1 cjI 1 rt > 4 .‘va iL> vj-j^LiJIo iCjLi^)Vl :domains 

(jl ^L*i.L*i 11(1 ^1 jJjua^JiJI ^1 ^jLJll ^JlA ^r <.4 4 ( 2 ?^ 

** 

jjiisaJ ^ CT^ O-A-dl o. l i 11 ;j-4 ^jJl 

^L.1^1 cr^ 3lj^! CjL-lu 2-^.-3->J (j|-^ c^Lplju a-<_uI i nil 4 .lIt 

' «* 

L^jLuj 3t^^l oLuIjl) . Lr^^uljl ^1 ^«j:j».jJll ^yi i4(jyAj «4_uiAj 

Archaea-eukaryote 31^1 oLi_1j-5lj>. . oL^jVl 4 j>Li-u ^ L^jf i.'Uy\xuM _ 

(^) 4-c.jl>. iSl^JJl 4i a j3 “v c Jr I tijLx-uajtlI .lineage 

•* 

3ljJL>JLl 4^1jjJl CjL^jJLjlII 4 3jS^ ij) ^Lu j_j_JI t~.U <>> 

i3ljuJI oLj^l-l 4_>. jj) ^j>3 (j-lLjuJI Lj^'LJsJI 

3l^jLli oLj_4.x^ 3_>. 3*4^1 i3l^Jj| 4.^1 jlj 3ljj]l 4_j_3_i-4j>’ lj^«i_>JI 

• lP! (3^ 0 ^ 1 -^ 

4jVj-j ^JD lP® CjL-5tj| JL.^_jl- 4 t ) ^Ljtjl ^ 

4 (^j—Jx—Jl lPI 6*1 ^f 4 (jJbj i 

SjjSJLI 4 _ 4 - 4 uil toL^jV! j^] ^^> 4 ^ SUUISJI sequencing SiAlallJi 

.((^ . ^)) LkjLx^al^l jjSUj ^1 tMethanococcus jannaschii 4 _^IjL>J 1 ^liLdl 

JJjlII f^yi */Y 4 WVA 4_uiljL:^l 4^l!i^l 3j^SLll i^jUse^ 

f^yi 4- t JuJ j 4 L . u'v ^ VTA (1>^J • J jyLaU ^.15^11 

diLLt-^l ^ 1 q. 3ljjJl CjI j 3 j 3 ^ jl 3lj_Lll cjLuIjlj l^I 1-4^ <—3il 

•• •• 

^j ,^y\ 4_l^ L^jJ a^UL^I \^11A\ SjjSJll (jl 2 , .-1 1 


♦ 


.3t^^l Cjl^ljb 4 JL 4 3ljJj| dll 



CjljLrtiil 


^-ilajL>Jt o > Tr*L.*.iA.l \ V \ 

pSL 50 

pci 

pJP27 

pJP78 


io^llLll a^'i-cUJl 
•* •« 

j 1 ^jjJ' 

/ 3_j.iiLii 

/ ^ 

r ^-U LljJL I ^ 

^jLJl 




SjjLimi 

..... ^Lw» 

" ' 4-ii^IliJLl Sj^^SJLl 

Zjt^-sbJLcuJL I 




d^UI 


EM17 


)ij jliu.U 


^Lil^ 


i3 ^ ^ 


5 j-ji 11 




1^1 


V 

ijjJI \ <!} 
*' ’"3^^i^>JLl 4-iJL^Ir 


t ^ /T ^ I 


4J^uilJ 




^ * i ^ > 11 


>^JLL>Ji 


."it i ^ i ^ 4U^LlSLiJtj cLjl-fcJ^Vt : Vt 3Lu>%U 7Tt t't^^ ^* 

;L^p1xj wL 9L4^I ^ tl 44^c.>iTI CjLIjISLII LliLdLuiXt «o1jJJl 

♦* *% 

.^t o\ ,4, A .. ^ Jt CiLuLSJl olx^ ^ RNA Uy Ij DNA IjjlJI ^ ^ f:Lb 

^-Jaj 4 ^JLc i ^ 4^A.JK]t ujLuLSLII ^1 ^ Jl i 

Lh^ JjLuu cliLLa 


i^^-jJlLiJI ^ d ^ l\ f A ^ jL->-^l ^aloJt ^^-^-jtil C" < 1 <^A->- ^1 o ml U-xl^ I ( + ) 

cIh® (3"^*^' 4juSLa^ JUJU^l 4 _jjuijJlL^I 4..i,.i a]I j <Lu4-1aJI cIljLi^JLLajuaJLl 

• S^LiiVl iSLu^yl IjJ i ^ljLv ^ I ^ It^ 4j 4 _uLj^jJI 




^ SLp Qc diaJI 


i ^^ A (JL}jL3ej ^1 d lA Ljl ">.!! 4^llL^I ^2>^L4J t 

j —ail Sjlj_>Jj cjL_d_^! ((.^ • A)) j —i " i iCjL-j—j-_i_It£Lll 


4_iJL_JI aj\ j ^W cjL^jj c-u^ cjLLjL-^ ihyperthermophiles 

•» 

vents 4_u^_^f t•* 1 4 4_a_t!oLjl_:^l 

)) 4-a.j^l jUl^I f la 

i ^ ^AY j^l-^ c.7^3 ‘^^ f.\ < <(V1 (2>^ L_aL^ 3jlj-s-j u-tjji-a i ^ 

' «» «» 

5jl->.1j (jj-Aj 4 Alvin ((^^;A-dil)) 4 j ^U!t 4..3 j o til jLst-JI 4_^ijj 
«» 

Cr^ (3-^ (jyi^ L>^>^ ^^ djLrtjSU jLLajVl 




j-X. 3jL>Jl dL^I Jl3^ ^1 

^**^1 ^ T4^L.>JL3 ^^><11 ^La cjI^_?b_^I 

4_^ cjLIjL^ Q^uu aIjL^ j<^ ^IjlijJLj a^j >Mill A-jj^JlII cjLa^l^^^ 

(j;\Ail AjusI^^jiJI 1 ^"i c.7^^ C7^ OJJ AJL-Ix^ 

»• «« 1 

4^^2j.jl 1I t A^ J uUL: ^ ! A^l^uU < JLJJL:^ Ct^ Lt^ t^ir> < iiU 

Y-OJ 3jl^^ jlJx>xj>3^1j .J^\ 

i-h» i^AjjJuo A-:vj^ \ * 0 • OuL^^^-^-a 

.-Ja^l ^ 4 j e^jJl cki. aIdJI 

iilllli (Jl <i~ -^1 <Li-u>ljL^t 4_ul ‘ij 11 3j^^l ^jU~, ■.,~ 'j 

‘uii>SJI Jj ... $ ! tjj'j cr*l rL^ cr^ 

«» «* 

^^yJx J.,.^" ji'> cl)^ ’ L^llo^^ Ia^-jJLjU ^Li>\ J <11 Jill iJ^Ji 

•* 

L^ljljuaj S-^UL^I Sjj^l J 4^ <«ij isolar energy a j,.. ^ .^.l i ^LLaJI 

. Vj <<1^1 (jr^laj Cj^i Axl j^i Cj^lxLiltJI 

%» 

^cj^I «A^l ^ jXI)) aIaaI ^ J A l l :^L!lJL 1 jlx cj^Lc,Lijjl ^jl^ 

L^^l.3lua(V 43 ^1 a^^LjL^) 4^1!^1 

cjIjL^I jLj-tJo^t jLc j-a^j Lq^ LoLu <metabolism 

j^jJl tlr^l l jl—iJlj IJ-J V 4_ ^ fa i jJI ^jITl^U jjl I "i f Lj^ - U*T ‘“ 

•» *» 

4 jL miUL:^! 4-^ 1 *i j U Bj^SLqJJ a^^'LBJLui'^I cjI jl^ ,«J! (jLa oj-aj^ 4 ^jl%-L 4^ 
14^ t Aj iC-u^jLlt 1 Jl^ ^ a 0 t*i 

Jj-ou aLljtI m>Ij ^_y.Ji.j, 1,1^11 jLxIi ^LIjV Jjuaal 3>^ LT^l Ujui^ (jf 

.iti ^ilU Aaxcius torganic pathways Aji^jua^. 



6Lj«JI (JadI 


JUU ( ' * )cjL^jV 1 ^1 1 4 < <i i 

Cjl^l- m U ^ xl | 1 /i i i• a icfiJj ^\ ^JaLtlsVlj » 4—Vi BLj->J| 

Srlp5 (>» 4iilit:Lf ^l>»t 

,4_JLxJ| 5jij..>Jl cjLvjjuI ^ Lj—u^LlIIj oL^jVi Caj 4_juIiJI 4-^jt 

u-j-cl (j!—^ ^1 1 oL_j-^l (j-fl cl)i_j_^j'^l t «1 r, t ;jl urj-^- (jr^J 

«« 

j-id<jJl (jyj^ (J^ i Lh* Lr^J .tillj ^j-a L^ j^ . it t 

5i^! CjUI^ ijL ^UJl cijjL^ La ^1 J^\) ^loJuiul ^1 

J < >*< ■ » ) L^l ^J«»j**<j 4_i,4j^ ^LuILi-uVI t^SljiJI CjL^Iju Oj^laj 

(J^ u^jVl »W^' J>^ <1)5 

«• 

4jLaJ3t_4 iti ^JJH 3jL>Ji dl^l ^jJj (J1 a.j">>. tl jL^r it) 

♦ 4 L.U AJ ttl CjLjj\.:>JI 
■*• ♦ • 


(^i . (ji La 4 ^jL:^ ^LLlLi-u 2 I I JLib ^ i^^£5 

(Jol,<!u <f Ci^l^ - 4^LJt 4-Lui 111 ^1 ^ f v-^« LIa 

CjI j_?E_aJl ijt oL^j^l j.^ta.j^ .^jVl tJbJLstJ La-a j. jA5C> ^l^r. 1 (jyjL 

iSLi-scdi aL 3^JI jloJLi M^4J ^&4-<-uj i j ^ 4 3 1 ai>11 ^Le-iJl / 4_ua-i 


A 4^Lj a^ O^Lcl^ 4!dLLJI f^jji ijJLa i^t a (J.a->o 

«* 

4 3j 3 dJLA , j(jjij£LIl > \ j <<ifCl (jyjLj UrO^JjJU-^Ji til 

«« 

lojVl 3La > 1. 1 ) dLi lin g A ^j-a ^jl > 3 d 




L>^ 


f 4jJkK oUaJI 

JUJL^J c-flLoiIL^I (jj_j-:wjjj_j_^| ^JjLx t^jLo^l Qji OJ^ UALjuajj (jj—3 
c -<ti i^.tMC. ^a^LlII tiL U,Lt i,ua il t V 3fc ♦Q^x.^Lo^I Lt^^Lul jLc^l 

(Challenger ^ ^y JJLfgj 4^llaj^_pl 4 ul! ^LaJUJi 

(jLsb^l 3La£.l 4 j<.C (CjLL^pJLt ^jl «.i-fl ^yi mUCk QJi CjLxf. 

o^LaL aLaltJI (Primordial ooze ^IjuJI L<u>JI ^"33 L^iSd 

m m 

3Ljj>Jl JJ-U5 ^j_a-^ ,LAi xj (jlxJi Urschleim (4_aLil^l ^ 

^I a ^ ^I jj3i.jj| tl(j)t_dl (jf *4JLa CjL(^ JL^ 4_u33)jV1 

i3La:>JI CjL_(!(U JuLa I jjJu {^\ ^ ui 3 II 0j.v t^A (jl-^ 




6l^ ^ iIiaJI 


^ BLj^I jjl A . j li^ Vl SLi^i jj-uD ^ ;jh! ^ <j! ^j -5 er^! 

Cji^.„J...*rJI ^ 4C--LJ_4-aJl 1J-A ;jL£L4 j^\ ai tCjLLx4-:>JLl 

Qja J ‘ ^ CjLa-o^Lj c-S^'l-iJI ((Cjj^)) 4»j_ju3^^1 5Lj 1_>J1 / i i ^ 

4-^L^I 5^^-jua-iJLl ^.L^j^l jt!I ^ -J JJlC 4.'^*<\| j^jJl 

«* ^ 

^Ljua.^1 /^l <4 *1 < it (jJj) l)'^^ *■**)^\—>‘ ^Jl!I i«Jlj^ljJ!)) Ijub j -i-wt 1 

«• *• 

^_yic i^Vi c.iJ-:r n anaerobic ^ljjfc>Ul (J7^ 

42Lj^^»_ii_JI dJukJLl —i ^ jtl 1 ^ *) 

%* *• ' 

^\ JJ-Lalil * JLiiXi J;*^ 

jj 4 -Li_u 4 juj) (J^ Jij J.<c. 4jlc CujI£^ Lq^ Lail^e^ 

ji^^ILaJI ^ A ((.iJL! jii ^ 11 ill »«iV1 a ^11 Sal—i^«JI ^ ^ 1 4 > <. a 

«* 

J^LstjVl j (3^>l3 ^i>\ VI iillj iLljljiJ-i>. (^jIL>iJ JjJtJ-O (jyi^ 

Uj^tj ^jlSLaL uixi ^dSj^^JtaJI aJofc ^Lrjoj * jjJfcjLaH jl of 1 Jb J^“il 

4_^j_(-ujJl jjJt-uiJl (JL>J1 aJiifcj * jj_:e—1-tfaJ 1 ^ CjLi^3 CjLj, a >J1 jjl 

^ ^Jcu_j i-. i ... ^ a iU ^ jJk-Lu Coo cujSLj ^I (Sedimentary rocks 

Jla^iALH 84001 Ubij U-^ (debris ^LkaJl 

*• «• 

<^cr^ (il (j! (> '^! 0^ bSLxu V jl .^! LjuKj (2 luI^^I) <^U 1 J^i^l 

«» •« 

»a^jifejuaJl Cij^^^ (jl Juu dJj (J-*-S aJiA (J-aLuJI (j^ ^j^-a-J 

aL-xoJl cLsLcjl (j^—i-ujJb (jJ^Jl t4-4JjL-3Jl 1 j >^J) J jll ^Lalc. , V al 

(jr^l Cr^i aLpJI ^Jl^I juuoloJl O^jJl (CjI^^ rt^l i 

(jSL4J aLjoJl (j^ afv ^ 4 t JLx (^1 Auum crjJ^l-J ^ 0 (J^ 

** •% 

L^joi:. (jatJ aLoJl jj_to « , (j^ 

^ i^-jJU 4_5e-uolj (_ylj Cij^JiS L^l (j-4 JbV 1-^1 Lt*^^ \.j^ tfossils CjI^ rt ^ ^ 

4* ^ 

jpj CjLj^^-aodl aJufc (j^^u idJj (^1 ^LioVLij . (j^ <»i. tl (j-u^kj JUu I 
aL-ioJl /j-<J 41 daL^-iVl (jl 4.j_-tfu (j-^^ .i-u Ls—^a rolaj-L) 

2 iM . ^ i< mixtures (j^ cLlj (J^j j«Alaj aj^jiLa Cy^ 

.precellular aj^^l Cy V->-^ (j^ i>> dj->. 4_j_c 5jj_^uaj 3jj ) a 

lj_^j ,;^j^ ^ « - ' ‘ i tP-llj ‘l_P=y^l cr^ tP-!' j^i<L^\ 

'”^ •• •• ■4* * 

T ,A jotJb iTi 4j (j£. .ca il 4^-S_^ ^1 i jujLbj^ ^ Isua formation 

La (J^ ^ C?^ 4-4Jb flti Lj-r^^^j-pl »i <qIf (3^ t Jj) rtf (^A^3 .4JLtdU (jO^Lj 


o^^-juaj ajij^i,«rfr> ^ >a 



6(^1 


<OJL£. qja dLi_>JI 2 i «/ rt A 4jjl ;^j-Il>o l^<4ijj jjite,u a > Col^ Ijj 

«* 

ALH 84001 jL^f *L7^L^ ^lluj^il i^f (^\ Ju-ojlII 

j y . > i.!l IjLA ^\ I JjJljw (j^ JJl.:^! 1 JLA ^ 

T ,A Lfcjlx-cl l^jUuSj Sh ‘- La V ^r juJL>iJ cr^ 

' ** ** 

^..4 c t4 < J n ^ ^ "* ^ ^ ‘ '* ^1 jjj ^ ^,.<^ r 

.4_jjudj^ 1 SLotU Sjl^JII CiLj-o^Jl 

Cjl^^_LiU> ^1 t4-^ljL^I SjLjLiaJ CujL^ ‘(.,7^ ^ 

5L4-j>JI cjIjlj L /o, 1 <c, 44_jLuu ^ 1 ^ > A L>a ((c i\ »,!! j. >.,>«]!)> 

JU^ <L_i—uoji _«-<3 ciilTL^ V LLjV 4__j_judj^1 

%% 

5JlIIL-cu—jQ l-uL-;wl.*<n iol (jt t4JLuu X ,A ^ ^ ^ 

c^La_>.VI CjL^la.«.>a p.l^.SlL iii\j Jull >1.1^ CjLu..<4--%-jil 

^LlaJjl JJ_5t-U3 ^jL^t dJL^Jl-l>uJLl CjLjO^AxIIj i^uol ^11 \lij. LTt ,»1 C-J^^—SVi 

i ■ 0 >:kj 0^1 L»_l4^ Laj^ cr^i 

i^ 1 , T ^^,4 rtJI Ml CjJLzw^ jt^ i M 

tALH 84001 




I jj) i4 j.ur>jVt ^L ^ JI Ciij^ Ami ^ 

IJl^ * 4 I ai/ ijjj^4j r,0 4^] LcltjJi i,»\ 

^ uij^ I 1J ;4j jujlaJI AjI ^Juu 

«^juSmA aSum T i 0 I 3LtJ»J t J) I 1 * 141 ^ 







^jaJI 6Lp Qc AaJI 


LoLftJ t ^ 1" 4_^1 jL-J1 5jj>jud ijjLSJLt dJLA 

iLu^ 3 j^ (>* L^jJI 

‘ A 3ji^^.jL^J >!ndl» V I C<\ l*> 1-1 A& i I ^ I A Ij VI LjO ] 

Ju j 4 » 1 CijL^j t LajL^bj j I C ^_yl£.5vU 2 I M 

iVl 5 V A st i L-aLiuiJtjV ^-jfc-LUj mid’Ocean ridees .->tU. 1 ^ 


cA? cy^! rI i l ^ c^b 


t.i-faU 


JLI 


yi J-^~ (_^l cosmic debris j»LIaj>JI Jl^ cJLS njLl^Vl vlUj 

m *• ■ 

LaLt-u^l cIJLLA ^LX3J^ ^ !i >. L^Juo 

aJJt CjjIj . 4 -Li-u 1I4 J£^ BjljJLC, CjIj-^ c-jj—L^j O-jL^ 

(j\J f.\ -tin aH Ut^tl i..<ic,l *} I ni ^L-^jjl Cj^^iji! 


3jjLJ^^!^j Aj^^cj^ >Lt.uJv| (Jjt^ CjLoLt^jVl 

' 4 * 

3ji^.i^J ^JSLuiJ .^.itt ^Lt-d) luUjLLLfaoi t L^LfciiJ CxjIj (jVI LIjJL]^ 

«« 

(Jji-dj 3j-pjLA oi^jJ jLu-u^f L>*^ L-uL-uf 

** •* 

3jla JlIjO Ct^J i3jlJjLu!(Jt CjLjal^JjVI ^ ‘ ^ ^1-4J (j| »^jLc^l >14dU^Vi 

«• I 

t^^-jui»L>JI Lli^j (3^ 4 f<I) tj 4xuf (2^\j^lj T , A 

<^1 _jSLIIJ o^jVl oi ol d 0 ^U i^U^I J^ljil ^ 4_«iLc 

*• 

. 4 1 ijj ^ ^ jujo 4tiLt-tiVl L^LSLuib 1 g LT^b 

*» «* 

ciljjL^J .. 4^ljLdi ^^pdjVl (_7i^ cJjJ^ CjLoUoJjVI CjjI 


Ct-ciajjl ciJjLuJL^ <(Jl->* i^\ .c_- 4^I^^SL1I jp^ »1 flit (_yJI <L^Ii^j 

^yxA i Lx-UidtiJ 4viJ dJUjL^ dlijIjL^j Ll^jI i\^ ^J^JLLj^ 

(>» cA? *U:» L^l ^ JLuut^i 

«• ' •• ** 

Ijt La Cjj 4 *<M>jj CjL(^ Jl£ 3LpJi lIuLS^ )jj Lo jLftILct L 4 JJ 

u3^LftJl t 3 <Hi jl cd/oX 4axu^jJI 4 ^ 141 !) CjLaLLajj'^1 dul^ 

«« 

jJaj-u! l^j2 volatiles 3^lialLI 

^y* j ^ob i~^^b L^!J—^LJjI (^j II 3,11 ^jLtJuuiVl *_al dtSL", <ul ^j] 

* 4 ^"ti >t Ujtj^ ^^tl ^ljt_>Q jI‘‘^ jlx^l j jb!'*-! 

Jiwj .4 ^/..]l oULUjj'^l a ,:;^ <:? cAi. T ,A 






SL^I Jjuol 


^ basins ^ola^Vl 4 I S t JI O^^I 

■'^ «• 

tiHj JlLo tj-4-^1 4^1 ^CjLaj-a]| 4--ul^lj tCjjLoj^ (^ylll 4j^ 

{3£^Jd .4-iu_»ajjj 41^ ■ At ! VI Sj— j—j—^ <^l_rtllajjl Jjj_>o ^ 

jjL^ . jj;J.lj (^jVl Jl£. 4-cu-dj ^£>1111 Ul^j iextrapolation <^l^:iu^VI 
4^L!uILa L^jI JbV L q\ ^\ IjJiaJ 1 jLa pl^^-alu-uVl ljufc 

JUu La -ijliac, jljbo ttt ^ ^^ All AUaJLll Cr^ ^Lc. 

4 , ^& c< 1 tfi A ^,ijn ,uiJt ^LIojLII 4 jb (JL5^ t^cj^^l 

Jjl UJj^ , LYl..! >» ^J^lll J_yl£. ^LLx>Jl Cj^IjIj 


2Li>JUll oLaLLjjVI 4 .:;^ 



‘Cr 


irfULAi 


clJt ^Ualll 


tjji Ajujj oJ.;iLj V * • 


i“U ^lJaj>Jl L^1 iintense bombardment 

cIjIjI JU« a JJb rt i t ^11^ 1 i n I 4j! L«1 

3^*13 jLc«i-4 ^loLj*iJ V 4JIjij orbits 

Lr^ i<jL)jJL>JI jjU Ij-aI CjLalLajjVI c<^ai4^! i 

*10 ^Jj-d oljj,i^ljji lILj ciilLd (^jJl ciJJj J!L^ iCJI oLjaLLrujVi ^jt 

%» 

4.1 Ldui-La CjLI^ 3^ 3^*^^ LV* Ct^ 5Lj->Jl JJ-^ 


-CjUllaijVI ^ Jju Sl^l JuS ^1 oLuliU 

** 

IxJj (4.^1 JL^t 3<ojVi (_yi^ 3 JjL <.u,!l 4-iidJlUj 4 ^^1x11 L-aj^la II 3^ 

4 * 

I <aJ<C. La^j>oJ j jJ t^JjwHC CjI^^ (Jj 3jl>>Ij 3^^ 5La>Jl OLifuJ 

CxjL^ liij 1 7e 1^ jjLS ciJJj 4.j_tl L)^J J^La fj-uxy ^jlcajVlj 

CjI^uLc. (J^aJlJ . Ij I ^^<^4 o^j ^1 4 jwI^ 3Ljl>JI 
3^-It4 -£!*) ^ ■S>l,,4ll *4_4J^L11 Ct ■>!*> fi. ^,-4^1 iJI _ ^LJLo (J’L-UuJl 

CjI^ nrt 1 i cd-l ) cIj 1^.01 fcJI {TjlIi <ui^.> JL3 4.^1 JLdt (_yl^ 4JLuu ^ V * * 

ijj^ 3lj >tll (_yic. 4^1^.4 jjjtjua J.3uj CjLoLiajjVI 0^1^ Ijl^ tciUji^j .ijJLo^JI 

jj *x-i^!l dju^ Ju>» Lcjj *uiajVl Cy> ‘ cr^i U^J^' 

*cjIjJLI <-_flVT jl iCjLLa j! toljufiic. Jj 43 jl^Ij 3j^ c>^ t-O^^ Cy^ 

^ ^ AliajjVI Cu j-nn (^yoil jj_5t_juaJI JJL-c. ^_yl£. IjL-a-lx.! 

' «a 


JLc. 3l J '>JI 3^ -* <*<<1 ojjt 3-^^ CjL 4 C. CjoLcf 

«» 

jjJfcjuaiJ ((4 -j-^jSLII (jrU)) Cj5i->'^l ijJ^ j. j-,^^ll -iJudI * 
JLI 3 L-lj>JI ^jjd CjLIj-C. (Jjl^L L 4 JJ 4^1 jlJI 






^jaII 5Lii> * 


1 1V tjJLusf i JJX. ^J,-Ii3 <1 j1 i^_yA Jlj'^ U^J 

l^\ 4.-L>-LiJI (j^_5 L>^ 3 Ll>JJ 4i^L>Jt j^Jr 

4- l - > . diLijL^ ^1 ij-u-fllill ^ t u,V**i < <( !i djub si ^ l j kXI SLi-^^-JI 

I_S_flj t-ij jUjj cjI _ifuj L ^jljV ciUIi Cu-^j 

*» M 

* lL) Ijjb 4.aL>iX I 


1^,<ac: IjJJL>^^ t4—L<^jVt Sl ^i,'>.U LLaLq^VI JLdj ^Vl L/o| 

(Jji—I i ^ I—t,u-j ^ I iJuSL^ t ^ L-^JLuoV Ajluu T , A 

LjLsS ^ 2Lc^I ^ SLpJl CjLli iJiA : LLi ui>:^^ 

M 

(ttlc.) (ftJL-c. .Baross 6>^ J>-^ 

V ^jlc. lL 1LL^» :SL> "><1 ' J>^ J J ^ J ^ (^Ij^l 

^1 *((4JLq_IL.>JLI cjLa^jjIm iiiU ^ j—^^ <jJLjLjb^ (CjLj^JolJi ^^ ^ 

JiLq-jj <L»I C/>~n Lwj SLu>tli JjuoLj ^•*< 1 i jlj Kill ^L^VI 

«» «* ^ 

- j-=^ (J^l-i encapsulated 4Slr< « Luj - cy^l c-Jjussj SLpJl 

«• 

oL^j^l ^1 ^1 iCjL^jVI A^LIjLqj (^JlII clUjLj 1 I Ml Laj^M^ ciitcc-i duL^ 

«• 

tj i ^I SL>J><11 4j d)Lu^ JlI i VI d n 4 d I JL^ 

•• *• 

. L^ J-^lj o\ 111^4j Urschleim ^ 4 j 1j-SJl jjt^ 

*• 

^_yj3 t4a«uDjVl SLj^Jl (Ju^l jL j jL>o ^_yj3 LlI^'v cjVLsb-^ Cy^ jl^Ij Cy^^ 

*« *• 

dll V>i d>l A ij sl j - > di duL^ ll^j Lo ^«Jju V ^^: I^ ^ 

^l-:i-l>l (j\J 4 _jl^IjJI JjjL^Jl ^1 d*^ 

UL-u,jj ^1 u^j • 

*« «* ' 

^jJLl 4^ljJI ponds llI^^^I d>Ltiuj SLj^JI ^jLj 4j^LjJI a-iojjjJll 

4 * 

djl^iju fj-a dij^^laij SljJJi dj| j S j Sjv ijl ((a S j S ^)) (Jj-x> L^JiLoj Stidal pools 

I) o^<,<1 >iJ Jg^S i t^jJLi 4-3 jJaj 4j e-<i<a tjl iSljJtJl 

*4^|jLdi SjLjLu/ dul^ 

•* 44 

^1 1 ^ ^ i*i sr> L>^jia-tii ^J^\ 


I_ ^ A _ I 1^ A_S , _A 6 _ \ A _lI^S ^ A a_iJ I . 1 I 3 

jJ^ijJLl ^ l-^l LflLq-J _ 4_j_juojl dt\ Ut^ «». a 

^JL^L} i- i-lIjI^ t jLd Ai^ti *1,1 






aLoISo jj-ualu (jl iidiljLSJl «ci)ljLSJI ^c£.jG (jV ^^1£L11 

^ t-N 1Xi>tt i t /> «« ^ > A t^l isi ^ t ♦ 1 1 I^tl 4 JL <iliX*j La Jl ^ ^ 

#« 

Jiuu^i ^j_A seepjJj ^ mid-Atlantic ridge 

(j-OSLj^-X VI 1J ^AI 5 Jl£^L^^ f I ^ 4 .JjU:SjV1 3jiI»4^i n 11 


cy‘ fJLc. >Aj ‘Pace Jj-^j . 

LfT^ iu^ (sludge bLa^) Jjk^j j^)) : jjj JjL^ ^ 

4_^L-LjQ-i£JI c^^iV ^1 A *t| i^jJL:>J Lilli ^Jt Iju^ * t !i jLBJLj 

J^I^Ia *((BLj >J| JiJ—cliJ L^^Jj J-^ <4 _uJul1I CjI 1 i 1 ,>Jt 

CjjL^ Lajj tJsk-L>JLi ^Lfl hot spot «4 _o^L(j4 4jlBj)) ^j$ ^Lfl 
‘W^lj Cy> ^Liil A j 4 La '^.*J * ^W"^^ 1—iiuj (^ jJ 1 

4—^LiloVlj iBl^Jjl ^ ^ ^ ^ BI^^JJ! Cjl_^ijb 4- j.juDjVI Bl j ^Jl dc^sJLil 

CjLjJlII ^1 dcjl^ 1 aj^Xc. tBjjLiJ! c^l B 4-VI tiUj ^jr^j *cjLj^jVI 

duL^ ^JjloJLj 4_juliiJI BjLjO^jJI d)Lu.^ iJI t^j^l 4 SLLILa-i ;^jdl (^jLBJI 

.4.^_LAJtil CjLLxx^JLI 


^jja ^jaijdj La.3«JI f^jja CjLJuj Bl j->J I ^jU 41 jLBJI 4^ l^ < II C-^«j:fcJ 

«• 

t. ,< ^1 4Darwin ^jijlj ^^jL-*juj La^ 4«B^ 4 .L 3 D 4_^^)) 

I <ij 4JL^ ui-t 3 tidal-pond ^jJLl LiLj^_dl 4^ l\i 

lJi^ t [jus^jus^j 4 Laj^b^ j.^V| lilLb tU ^1 Bj Jt <<^!l CjLjj^-y.ll (1 >^Laj i 

BLjJ—scJLJ B^-^- aJ. 1 long-chain molecules 4.L»iLca,Ji alj^ Utl cjL.jj^-:>JI 


^^JLjl-oVI CjLjj^_::^I (^jja u-sVT CjIAjA ^1 C L^jla "t >iJ 44 ™j_lI3jVI 

*« 

^jI!d1^:>.VIj i-dj^l (—3lj_>. S CjI^^^jAJ CjI^^ I ^ <1 Bj 4 lA-JfcA. 

.4Jij^L3 L^ <.4 lB < jjj Bj..xj£dl CjLu^-a*!.! BjLLa^ ^^^LaI 

c-M-^VI B^LcI^ <—1 4^ 1 *u A djlj^jJ basins ^^p3l^_>.Vl ojjt 


tiJJjL^j .4Jj^IaJl ^J-4-u^Lj-ujLj 4 ^.j 1 «"( (^yjLj C1 >Lj£^_pJI n ^1 

c-Lll 1 4 ^^LaI 4 Cj 1 ^11 3I A r.i Bjj^jJLlj 4 aJlA La->JI 4 j 

«% M 

L^^ ^\ Bj. j -^ o Jl CjLi u -x,. > Jl ^ cr^“^ lAjus tcAouj. 

B^LcI^ 1 u]I oljj^ ^1 j-BJlBj L^jjtSJ ^3 ^4 <1 j 4 ^Lj a-j^I cj^Lc .1 B"tl 

yLc. 41 cal 4 4 JI 4JLjjJi:^I CjL.^j^-..:^I M (j^-Lc. jL^l—uij TeWetting (Jl^l 

.aLII <■ B^^ ^^^)lol^^VI^ LiJ^^^I <^al^^ 



6Lp 




tm *1 .m 





ai«j (^) SL^Lj 4.j^Lu<I 5j>»-aj ^jfc (_>^J*^I ol 

i , 0 ^JjUol 4 I .LJ I T , 0 djd, / J-^ 

•• *• 

evolutionary U iJ \ j.-i < IjJl^ J-x-iJL >-4]^ iC^ix '^lJulm 

1 jl <1 j 1 L^j "t / 4i j V 4 I mlj j>-^ ol L>^ 1 < <*^4J idevelopment 

j 4 w4j^^I 4ti 3Li_>JI ^ d 1^"j i I oil VL!l« j y •! 


1 llLJ j ^ Louj ^I a 1 j IJ *4jLfau j ^«t «>»s t 

t JLA 3^ 4^hC jl 4Ju-u (j^_j^ ^L_a jJ^L:>* 

SLi."^n 3jint~ ^ extinctions 3 jjljlIL 4 dil^^-oij ^L.aj->>l ^-lUj 

oLujj-_:^l jL.j ~i f.Lj > L ji (jy^ j 3 tLj i^_p3jVl 

jJt ((Lajl-S-SI j\ \ ^/QcL3r.~ f t>l» jLjluIu (jL^ ^ UL$^ Lr^i ^0^ 3j-3jtJLl 

CjLuI^ dJLA j^Lalij (jl CjVI 4x>-1 ^LlII 3jLcL3jl 

«^VI 4 t ilaj (jj) L^ L^j-^ (jr^ 3l j j ^1^" ^ 1-^ 4j! 

iCUaLc. Bjjulhi^ du^yUi c-djijJibJt ^c-xo^j ^i JUu 4 t 


»4l^j,><.l.j j.fi t A ^.xiu cljJLrfcj ^ La LaII^a ^ 

(2;\AilL_>J,l fLxia—£,^1 (j\j 4 jijiJ)1a.xH CjI— 3L<.n l>i ^J^L->- 

V| j^Ialu ^ 4 3Lj^ll JJ-jud ^Jl^I ^jl iCjL^jVl 

^j\_ixuil CjLIaj LjJt^Lj ^jA» di 1 ^ t 1 ^yL -V t n CjL^jVI 

«* 

j^lalJl ^>A 4ltlxJl ol » 

JuV 3LptiJ LcjJj j^-uaJl ya JU^-aJJ Jj-LaJll j^^LaJi ^jl jj t4j3lrr> < a 

4^i olJ^lSdl Suu^Lill Ju3^ 0^ C> 

%» 

Li_ujJ Lul^aT) Llla^V 1 »4jLi j^In.di (Jjul^ ^j-A JU^ j .lx 

CjLa^I 1 ^ 1^ CxjL^ «4-j_uajVl 3l_i.^>Jl J3-*^ 0^3 j Li-x. A L^j 


^jLaji^ c^t-jej .4 _JIj»JI 3jj^^L>dl cjIjwjjJ 4-j.seJ.i (^\ ttheimophiles 3^1 

ij^-^jJl 4 ^ jL\>^ 4 _JL-c. 3j1^^,^ f^c, 3^Li c. ojL^ 3^^.^L^i 3Lj-^dl ^jl)) *jJ^^-3j £^1 

3l_L^di <JaL.i^I ^ Oudu^Lj I 4 .aaiJl^ 4j 9IcLtLl^^ 

** 

Jj-jua-^l (_yk, SjjLa tautotrophic ,jj...» "Jt 4_pl3 ojL^ early life 

m «• 

«4 dl L^LIa ^1 JUl}! (jylc. jjAjiJi (Jf^ 3jLjAli.JUA CxxtL^J ((L^LsIs)) 






2 i..\ .., ] Sj^jLiaJ «j»ljLLaJl)) jL^ JlLB i JL>JI 4* j lU 

j-lua ^ ^ \ ..r. 4_l>J 1 oLulSLJ! ojL£j jj «»< ? cr^^i 

.«methanogens SjlJ^I Jjiij 1-4^ LjUj 

i((4Jui3 Nj ^ c1)Lji£jV 1 jj_4 IjI i»^_5 _l5j>. Ij^ > 'Vlj 

<■■ ^ CjLojLlII ^ U^ ^1 rt’if.Vi ^ MiV> ^L» 

t_Al **»Ci 4 a 1 iJ ^ Ljjj^^_3c-j-3 “ ^ ^... >^«3Ll^»JI (J-t^l 

» Li < ii^ a t ^^LseJ ^ (4-1 jl<ojVI 4.^ljJ)^ 


AJW" 


LqJlI^^ . BLi_>iJI a ^ j ‘ “4 <: Pf^ 1 i 4 i*< uuVI 

frl 4 ItJI c^^jud 4 i^i^mi jjfcjj L 4 1^^jj ‘ 

Miller- Urey tSj^ - ^1 ij 4 4^ ^ \ (^\ :jl 5 Lj_>J1 n u^> 

^jjLrt) jLLl^I (jr^ * ^ ^oT ^Lc. ^ .experiment 

i(^ ^) ^Cm ^ i^LSLjji 4 _jl>jL:^ ^jl2J1 cj^ (stadium <—uiJU 

^ 4 (Jjjj J£.LLj Jjf ^^i£, jJa£. J_u£ 

* •* * 

oLuljJ c^Uo ^ - Jj^ ijM Cr^W^ J^ 

pre-biotic ({4 j^_j^1 J^» c_3j^^^1 jJL^ SjLcJ jdU^ ^LLl^ ^ ^ ... i \ 

** 

^ ^^>^1 ^juk .Ij^! JV^I oi^ -u^jVi ^ 

«« 

(J-^ \ mmi ^Lj (Jjjj j^I c da* i l l ^j-« 
cjW - Cr^ SOjJLC. Cj1j-u-u jiU^ ^jr^l 


cb^ djj^j_4 CxjL^ I ti r< < n*^ L^^aJjLstja 

^flasks (> L-Ua: ^Sjsd3 >^4^ crb 

qyllLuaXa t4 j U < ,1 45-^ 3jL>.b 

^.Ul injected Lii^j .c.Lkx^_a] ‘4b^ ^Lb^-cJI 

4_fljLlflJL ij;.m jL-^j ‘cJ^^JJ-^^-4^b ‘(j-^L_jiiJI) L^j^Vb Ql-i-ili (jji b3^ 
c5jii9 j4j-^ f ^ (_yjijLJl 

(j^ J' ^} steam jL^ 4Jl£. Lq_4 *^.1X1 



^ SL? 


4^LL3JI jolt 3j^ 4_ji^j jULlI (_yilj i<l l; * a i^j^liJI SjjjLoIl (_yJI 

*• 

ilijM lightning discharges djUuj^ AjL^ ^ 
dJJjLoIl CjIjLJlII CjtJjujiij 

«* 

iCondenser cJilCa Lua ij^Vl J^ ... >11 

—^11 i^ ojLc.1 t-dJjijj >a j\g (mH SjjjLiJl <LijLj cjjlj-c.! ^ 

Jj_>.JL_>o ^J-t_Jb3 4 JoLluj-j jLta^^l Jj) U ^ V I "Ji 2 jJ-2 Jj 

.gaseous phase ur^ ^LLaJI ^ input 

cW^ Cy^ Cr^ SjLj^jJl CjLudl^^j-C,Vl Cj^;L>. 

t((S4 (J^jua_>Jl (^jJl LjO)) JL>.I ^AJL>.) ^JL-iju jl 

^^LlVi ^ d "iCtj <a i(()Beilstein £^LlL_ui^» 4 _jL->>L-^ 

«* 

jJLje-4^ IJLJ (^jJ! 4^ tl );:L^^^tl I 

*• V* 

CjLjl^^I 1^ K ^CjIjlLsJLI ^jA oLLa qA 

j /X « «4jj-Ja£.)) L^l 4-fl u^Xi 

** 

«* *• 

^j-u^ ^4 “t .fSrJtJ I (^jJl i-A 5 • i>% it L a.^ A.JL.A.) c,a.4 

^ ^ 5 ^ sludge 

...ciiLL^ CujL^ . 1 j > A.tx\ 5^.^ Jlc.Ljj -. li^i j» i4_iailL>Jl) CjL.jj^^.^^1 i^ja 

, a ^ 3Li_3eJJ ((4^Lxdl c^l^^l)) t4.j-I^Vi ^^^Laj>.V|j l4_u^l 

•* 

11*1^ t ^"tCy^ ^ ^ ^ i^cflseA L L^i <<1*1 3^^_tjLuo djlIb^L:^ 

*• •* 

^ •• 

CjIjjJI . 4-ii^AVi CjLjj^_:w CjLLa a Jl>.1^I 

i^^j^jjJL_j_^l 4_j_i_oLi^) Sjj-juaj 4 j M aVI ^_PsLa^V1 CjL^ji^-^ 

03 ^^ cijljjJI oy^ —cu_^Vlj 

^^CjLIj^^ V ^jjJlUi^ ^jj—j < 1 ij ^j) j IgH I fjjuJLcul Ijj iljLifo-ul 

CjLlaSIj Ct^ CjjI^ 

«* 

<it I jj ^4-^aaVI aJu^ l)^ lI^UL 4^)^ 

I ^J.AJ i djLA (J^l jij . 4 _l>J 1 4Jii^ (. i^jA 

LaA f^jA ^^yjJbJkA ^J^LuU 4-C.jJ?/ A <Ix.j).aj^a ^!jLj CjI 4 rthi^.A 

iCjljLiiVI JL^jIj i^LLJl uj3^j * structural support ^jJI 

•*1 



81^1 






(> 




C .1 rt **i tl c^Lqjt ^ JL-u» ^L_3 jJ1j i4_^j-.^lj 

oLuJ-j)/! |<uuj| IjljJL^ CjLJLuJ^>-^ 1 CT^ (3^-^ O^j) ^ 

.Ijl^ cuL^jJLI crs* (> .(enzymes 

^ * l^L^lj L^K^i ^ j^lj cjjLflj 

4.iij Uj L^lxj JSJ . 5 <: j tl CjLjj)-:^! ^jja 4 A.tL>Jli ^j-ja CjI^ i*lir 

(J^b blocks CjLl*SJL1 ^ 2 Lc j-a^ratAJ < ,<tij Jiiaj jiUs . 4 .^ ^ Vi a 

♦* •• ^ 

IjLfl .(^JL^I 1 (_yi£. V J <> la^ 4 1 V 4 kc-jj (jr^ 

CjLLo 5jl>-1jJ1 L}'^ sentences «3 ^ ?*^ CjI i t^ll jJ-'ilaJl c_-<jj 

(^-A 1 t L^ 1^ “* ^ ^ Aj~y ^ ^ ^Jl-A t tir . I oj>^ 

i.**A i ^ ^ 4 ^ ^ 1^ • t( 4 < < I /a Vi O^b-oJLcuJ tir. 1 4 .J.u.uJ(JIj 3bsJt 

4 JLILJI permutations Jj^LpJI ^ bjLc . 4 -j^l bMitU L^julJa 

\M 

(Zjuul^)) 4 X 4 ^^ I J-^olaJl ( 3 ^^ ljp9 * lSJ) * ^^ 4.-lj4J^I L^ ^j^ui-LM i JU_dAl(ij 

< «ili 4_J_._uL<_uf LiJLlA 

«» 

UJ^ ^WIh 4 4 L^l i <>>4 4-2-^ 

3ij).i.^,li ajuuus^ j j2U bjLd^ djL>u| ^^^SLi-t-tLa 

.Sj^ljIiJLl AiiiA^\ JL>.lj^^_^ 4ljSLi!uJ Jml 

*% «• 

t r .< l .< U. 4 1 ^ t 14 j M A t Lil a l < 4 I CIa^b^I _ ^^JJjua 4 ji^^^.^o ^| ^^Jju L^JLlC 

Cl^l (>» Jj fj] djLb)^ L>d^ L^ 

«* •• 

6^ ^ aS 4j| iflj^ ‘(^jJiJ »jujui J>*jLi LjLuaj jiSa :JSVl 

(jL jXflj jt ii.Li^<j jf i5 jij a Vl ^L»_3.V| Jji J J ■< jjuc. ^_-y_'t1l 

4l».j^ SjlS^ ‘^'4i3-^ 4.iU^ 2;j><ui jJa Jl 2 a^ljLJI ^jVl 

«* *» •• 

JjilJ .q;0^ 1 ji H I CjIj j i jl itJ^JjJL^ 2ji ^ 0 jf i(J^^J-^ 

i4-^jVl 2Ll^l JJ-U» I Un i t ! -^>^>1.1 >. V J ^ C Ji LlJUi J».|j 

S^LoiJl 4 IiIr^Tt (^jJl J-jjaiuJl Ju>Jl I , t ^• t tiJJIi {J-A 

ALH 84001 oLui^l jU 1 ^>4 Lulj U^ 

((^Lujj)) 4 (J-jo Ij$-^ JJ—C J3f Lo :JjJ^ Ct^! 

LjJj^ iSj3d3 J ^ 

. 3 ^, 3 -^^ IjLA 4^L^^b 4_>1 ^ <!l 


♦ ^9 








L^L^ ^ (jlaLj^Vl ^lljj (jt LJ!l«j 

4_ljLi^| L^LuiJi^i ol"-^ LfJJjL^ ijL .lTl^I £*t ? J ^ t ^ t 

3l J AJ A i 4 ^ 4 i4_^J_^l jL^B^VI JL->>t 

•• 

«J ^ ^ A < AJ t ^ ^ 14 *<.^t < » !\^ ^j_4lfiJj 

«» «* 

^1 4^1 ( rt Mr<*si L 4 ^Lc;4-JljJLuiS/l Murchison Qj) < 

«• 

L:vL4JLjI BjLII Cy^J^ Lr^^Wj l-SIJu^I 

«• 

4_4Jj 1 (_yijC, j 14 JL^ 1—4 JLUO i^_y-cu—4—cuJi aUbiIJI Jui£. 

^ ’ 

^.r:*!;.>iH CjLjJ^^I 4_i_o1jJi .Ajluj (jjj-jJL cJijuaJj 

«• 

oL^^I <^1 SLsLoVL .'^r.<JJ\ ^^UsJ:i\ (> Lillies Lc.^ Vi 

. RNA UjJlj DNA UjJI <> 2 .1 1 .■^-, ^ J^jIjj, «;.^~ <^1 5^^jJLuaJI a.cu.«^l 

C^Kj L^LiiSVI liujLV 0^ JL* 2 ».I JUL^Ij 

«* 

4_u^i CjJLr^j /dLlA CjIjJLi-u Jlajj 4^ 4 j 1x4 ^1 ^^paL^ Jv Vi 

< l Murray (jljj -4 M>-^ tU3 m j-^\ j. .,i^.>. 

'tr ** m •tm 

,\\o- 

aS}\ 4.J—t!u ^2>4 4jl Ly^^ ’3 


LUu ^ ‘(jb-i^j Ly^ ^ Lh?-^^ Lhi>?=^^ 

*, T ^ •* 

c_xiiil (jt 4-2 _l^j>> ^ < t 4 ^1 "lu t « Vi IjlAj 4 4hi t 

Ijj-jus JI4J i 4 ^ < 4 L>^ j ^ ^ 

JL^ (jJU-JI JL^ U^a^t 0£3Li^ s^ ‘J^3U mirror-images ^T>4 

jJbj t^jrUjVI 4j-4 <US^ Lr^ dJjlli.! J-^J *lO ** * 

^L4JwV1 fj] JUlo-Vl ^ JLI 4 ^ 

4 jtl • ^ 4 -^Lj 4 Cj^>Lg.l n*<!l (jV uLUj a^j »4 „ . jn 4 j t l 4_u^Vl 

«* 

J.4I5BJ iSLpJl djlaj Laa-l£. .3a>.b ^L^lw cjIjj^j^ Laaic. 

t jajiiLt ^ 4 ^ ^ ^JLlL-uo 0^ a^l 

a^ U^ Cr^! ^J*^J ‘^-iLuaXl ^j >>^ 4 ;> ot i ) tdilij 

4 I ... .ti 4-tu^Lill dsjl t4j 4,^ j > «*i>tl dil^J^..:^l ^^4^1 ^LuV 4jl j - l - > »i 

*4 j^jS/I 3LpJt jj-t^ ^ 4 r w ^bil 43jb^ 




SL^I 


** 




4—u- L j ^ Ji c1jL.j£^^_:^I i^jji L^l i..**< Ijjlc. ^ ^j ^ ^ ^ j ^ CjL-^iLa-JtJt ^TuJ 

^jUa tcdJjJj (^ljj-4j jij.i « j Lc^ t4jjLji. j . ! lj 

.SLpJI ^>^>1 jl 4 _iI^Vl ^U^Vl handedness <Lk^ 

t4_LX^Vi 3Li:>Jt 4-gri 4«f^l ^Ij-jJ «^Jl1)> 4 < t <t MLj 

.|^4lll '^J-U dLk. iLu>U» jLi_^( ^ IliJ U^ «^Lfl-iU)) (1>^ 

^ t ^J_ju^f (,**< i*i > 4^L^aIL/q mlxtures ^J-^3 ul 

< o lit 4^jJll( SjLa i u IjJlJ^^ Lo-Ll) S (^.lufuii 

J-B 4. jUr . ij] jt ^. A \ (jyl£. 

•* 

tA«^' j4j^' 

** «« «« 

ijL^Vl .4jJL^t (jisLc^f i^\ (^jlscj ij\£ lil Lo 4^j-tJl ALH 84001 

«* «* 

*>* .^lu i^\ i ‘W f I t^jL-i-uj 
«• «* 

jJl . l^jL^ (j4:W - U-^ cAhi^' 

<■ .AliiJtJ t4-^i.,V.jJI ^ A A ^l 

j^LliJI iciUj a^LbVLj). :^)jl jL^ fj\^ Uc SUo^jtLQ 

t Lub CjI u u 4 ^ <JojV| 3l^^tl ^LuILujI ^^LoTij VI Liol ^j 

CluL^ uLUj LjqLcI a .A A udj[^^49 Ca^O 

«* 

cru 20^1 4l>.^l CAxIaikj .5 ^Ijl^I ^jVI 

jVl CjjL^ L_dj[^^i^Lj (3 ^L«J!u I At j j * ^LjuajI ^j-atlii p- 1—iia-aJl 

4 J 4 ^J^lrtl i CjL^LIuILajjI I^.t.u J-jLIlII ^jL-b i4_t^l jL-iJi 

L-fl^LiJI Vjl^ ♦4-^1 J-Jl ^jIoj>lJ ^ j^Jl 

>1 a a ''l >-^ D^ LSj3i3J^^ ‘(jC^JjJ-T^-^J' ‘^1jju ^^1 (^>jkJI 

•• •• •* •i «* 

(-3^1 ^ijLfcjVl cJ£t ^ j o ij 

4;i-AAi^I j. u m£] JjI j-i^i j_yl£. (iiyiscj 

*• «* 

^1 J^\ L^>Uij r jUi >ljLieio,b c.^\ ^1 vjt^' -*3>J 

«» ^ «» 



6l^ Qc liuuJI 


41a 5JJ^U^ 4 jM .aSfi ^^Lj^Vl ^ 

4^<.^r> 3,5^ LoJlIc, 4^Ij 4^1 nj ^ujU 4 JSL 4 J 

^1 ^1 IjliJJ « 4,.J y I n < 1 ) >li 3j-^ 4 -JlIo^U LaJuLc. 4_^tjLj| LljUxt^m 

4.j-cu^4-1l!I ‘ “ < <tt 3^^ 4jL^^i (1>^ 

^jI^jVl (_yl£. SjljLj-uJI (j\ Jl->o LljLfl ^U iu Jj-O-OjJl 6-^ 

<^! 4_4J^«i_C^L^ —Lujli ^iil—oUl <—iJLj^^V i n 4j _ 4 -_uIjl_^1 

*4_u^Vl 

ti>Jo ej-xj OJ>:xi (^1 4J>^ 3.^1 o-JJ"^' (>Ai3 

•* •• 

«■ « ^jjC. ^ 1^ IJI > 4j1 Cj^ ^If^i t4 ^hV a 

«» «ft «• 

L^Ll (j^ y I it^Vi ^ Lfl ^jJ L^it^ Ll (jI-^ t—S^IJ lII 4 jlr. 

Lo^Vl .(^)jLJi (^^LIl!I 

i(j^LliJl) L^j-oVlj (>* ur^ ^precursors L^U_^ 

*dLj.>Jl jij) ^La 3^ dLjjtiJ p mil Cjy^ <a.^^i (jl^ ^jilll jLitj_j 

(JjI^ ^ ( tl^ djJJUOJ t (* JLO^ < <i^Vi (jyl^ J <t*< *J 4.( l>rt*1 

4.1^ Ct^J 4jt4 ^ LoJLIc. Ijlj^jO tn^Vl 3 jl:^ 4.i<rfoL^I 

** •• 

^J 2 ^ it i djljUl jbjL-jiJl ^ jL>»jV 1 eagerness 

d i ^ ^ ^ i 1 ii ^ 4Jjt^%pi _ oxicl3.tion i u^^Lj ^1^4 uJLt a^JL^aJI 

«« 

;3^ 1 ‘Cxy >.XVl dlljli lij.5t!liUiJ La, V <C. L^l tdlTl t II t43Lo 

A i ... ^ Vl ciJlj3 LL<5)[ 4J ^ ^!J—^ |jL-t^ jl 

CjI Jb LaJU^ t4liai JuLA . l^JLja 3^^-*^*^ jLtTLLa,^ Lr^ ^^jCLdU 

Ll^^Ll ^1 (2y^:y,<.a^Vi cul 3^^^ 4j->i.ti CjLuI^I 

t4 ic. ;^jljjj (jf Lol 113 SLuojJtil 4_3Lp>Jl jj-uaJl ^jlc. (jl^ 

I ^ ^ ^ i i— <^i} hV 4^ • < t CJ ^ ^ ^ ^ 4- 1 ^^ < <1 j 1 ^ t 

t ^ 4—%_iJIj 





% •• 


3^L*JxiJ (juiJj 






IjlA i4__LjUSjV1 o \ 1^*1 1J tjLr^i AjVIj t»i rt illj i^^_<fai!l 

4«Aj^Ul L^J^JiJl Lo t/JluO t4i.u^^i JuLC 5j-JOiL-A Lu 

•• •* ^ « ** 

alut 5 ^ (jt^ jJjuaj ij\ 4^Liauo oLJUjlI 

«• 

llilg. L. <^ j t4-4JJu^ JJUJLJ 3j j)L a -^ \^J 

i((^Vl cjLjL^VIj ^<dc. ^jLc. LioJ)) :twin rejoinders j\^ 

• JUjJLl ^1>.< (fi LfcJiIc.^ iSL-ptil Cr^ <-d_iic))j 


Panspermia >UI jjidl 


^2^*4 eijLiilj 5Li_>di ^1 ~ dLLseJLl ^J^L5e-4 cJIj 1 

jL_ftj i\\*X ^Lc, .cosmic seeding 

lIjI 4 oi (^jjlj Cr^ ijy i ^1 4 " i <t> Vi 

d<jl ^Lit 4 <^Ltti . iji ^ i .1 t i~ K 44_j-%j^^^ cjd3^ 1 n j < 

•• «• 

t((Die Umschau !» ^UVl 4_La=^ ^LS-a Arrhenius 
^^^Lijdj ^1 i (j ^ * _ (^ '^) Spores 4JLu»^-5t_IL4 - SLj_>J1 ^1 1 4 

SjkJjL^ 4^^-4-5 c-a ajj t^*<^ '^cjlH pLuaLdJi fLua-flJl 

ajT .4»4_j^i^ 4.L-U (3^^ cjL1jISL]I ^j-4 

4-_j_>JI cjLIjISJI L-^L^-i ^j) ^.»I \ ^j-4—3 tjj).!t^ill 111 1 rt-3j)): 

_ I A j 4jLuD (djlli 4 .rw 

SL- t - *» tJl dJu& 4j ^ <^jj Ljo ^Lc^^i—lju — 4.j^jur^ »J1 ^1 II ^l^^l ^1 Jb^ 

jJjLi^jJlJl Q^SLu.u_ 3 t Lsfej-se-t^ ljufc 1 jl 4 jI jj-uj_iJLi^jT t. (t4^ IA.jlII 
i-^j^l ^ ^ 5 Lj_>JI CjL-diJ < ^ JljJu>iJ ^j_jljud J-^^I 3i J ^.11 




L>^3 J 6 ^ ^ .3^^-xIlI JLl 4_la->-^0,l 

u3jJI cJii cosmic seeding <jyj^l j34^^ 

^l_L >• I C < tJ J I 1 4. 1 fjTi II 3^1 J (_^l ljJU?t—4 ^ 4 L^ I Vi i4_lj^^ ~ ^ t 

1 *j 4..^ 1-Ij| ^i^^ILdl ^_yi^ jlj JbjLtiiu ^i uj 3^ 1“^^ iALH 84001 ^^tl 

jL^ I <Aji <11 Ijla <j-4^ . 4_iitj^^ t^\ (J,3^ 

^jjJll ijyl\ I Lli^^ f^jja 4-l>» CjLIjL^ Lr^ Sj^-uo cJLloj IjI 

JLJU ^^ I*) ^1 5Lj-3ti] ^2>^L4J (J-A .LdLlA 4_jjLojVi 5Li_>JI dtC-jj^ ij_yjjVI 4jl^l<-ti 
I jJTLo 5j.ife-jUD 4JjU3’^:^eIl4 <(jjJujJI c-t^lj^l 4l>-j 





SLp Qc 


jJ—p :ui^ O^ 3^ t_,>i-AjJLl SALH 84001 ^< j i :t t 

*• 

iftfilJLoL^)) Oj^jus ^ Cr^! Cr^ L^^-uSLJl 

L-al.M~ i til (jj-1 ^ L^Lqj ^ i A j , ^ j 

^ ^ ^ s ‘ '^3 ^ > j. ‘•^'u 

^1 I i< i.u ^ \ ‘ “ ^ I ^ ^ ^ '"^ M 1 Jl^j 

1^ tn^v- f.\ j>^ <?ti j ^ • ^< A IjJI ^iL-tTuVt ^(lj^ *' *41 

cj, <^u a 11 i^_yA 5jl>.1^I 4-ju£»j^1 ^ .Liu L>^ t^-sc-juaJl 

^7* • “ ^* 41 4«JuiuVl (j-A 4JLol^ J^3^ CjJfcjus <LjjvjL>JI 

«« 4 * 

4-XuiS/l jUs .oLl^ J^yj jl^ a]y^ 

Ja\S ju<u ^>>iJI 4-*j^^-uJI oU _ cosmic rays 

44 4 « 

4 % ^L^l i !i ^^-j-La^o jl 4—9^31 1 ^ - t_-»^lj-SLJI ^1 rtll 

»4cjLx^^ cr^ (3“^-^ a^^.^cju^\ ' ‘'" ^ 1 ^I (dormant 

4l^|ju 3 Ll>J 1 /C7e.>dl 3~3^ (lLU jJj 

j^y£.\ t MiVt doLdijLl 1 yji (((4 j ^ (j^)) j ^ Laiuj ^3 6 ‘ “' 

(jl.u-u l£J^_^-uj 4.l^^ 3 4-u-(Ii ^jL^dl y^juauj^^ . i ^31 JlJ1 

4jL.tIkH ^IdilJI ^4^ (4jLuIuJLi 44^Vt yji a^^jJuus IjijLcl 

(^'i ‘5jjjVl tlj> JL>^ ti-^JiJ •fJ:!-“'ji^J'i ‘fjj"»-ii>l'j 

^ ^ 4 ^ ^H ^ ^ ^ ^ ^ ^ 4jij^^l^ c^i 4 1 i ii ^ ^Lul & object p i H 

3^ Ji cH-=^ (jr^i *L7^ epL^ C7^ 

44 44 «4 44 

^ 7- -^0 i Lr^l ^^^3^ U"^ 3 fl <<ill {2>’'4 -(-uJ 1 * c5j^d3-t.uj ^ ■*»„>JI 

_ 4 Uj tx^ 11 4»jJ^^_dJl jLrtjvVl i^A JJL^ Ju^jj (ALH 84001 

44 ^ 

l 3VT 4.jLjuaj 4d>.jJt ^ ^ Cr^^J ~ i-^L^ (.,»1 uLlJLi jL<-uJLI ^1 c 4^t 3j 

44 44 

^1 L^JL^Ijlj 4 t 7>L^i 4_;i^>Jl CjLuISLU tlpdoJ (^L>J1 olXJt .da.S-b ^ < < hH ijjh 

44 

- 4 4 4^^VI CjIji^G 3LL>Jj JL^ Lr^ 


Jlj 


4»lt J«Ut J>^t 

CjjL^ 13| 1 <v c ll) 3 J i li 4-ide-jpli 5l j ^1 L-al ^1 

Cru ijja jjijdij duJLl!l 03} cd-L3jl JL^ cosmic seeds 4-pj^l jjjl-JI 

i (4j (I)it (11 tl dijju>JI Ijl^! UjUaiL)! ^IJjI *4 j,uAi,.»..<^!l c^l^SLIi 



6L^I 


«• 

Lo ^ 1^ ^Lu>J 1 Cy^ 4j^L%_4^ 

LiUj^ J ^ t ^ \ jAjT oIjj-xIlLci ^ 4J^ V " juuj • jJ>.\ 

iCrick u4 4iMjJb ^VI jl-^ Institute 

LiJlil i» u^LcIlx^I ^ Afc i < 1.1^ 3 VjLv ^ L^Llju ^^Jg^L^ul i ^ 

^^^Jcaj <Orgel t L<3 i^^t->> I 4JLc. tDNA 

OL^ ^jl^ c-iau 4 -jvj .directed panspermia ((<!L.^jIi J_«L_*U1 "lU) 

infect (^juu ^1 l.,x<v c djjLli*! Lcjj 4_u^jVi ^jL>» oLx^sClr^l 

4j.->JI oLulSdi i^jiL>iJLI dJU^ 3jijlu_uJi 3 Ll>J 1 do 

«* 

>l£VI 3Li_>JI JoLcjl cost- productive 4..„-dL 2u:>.lil 

(jdoj L^Jj ^ I < id ^Ldo.3 4.1^^ t>i ciJbj^^ jj ikOJ . La.:st>. 

<Jil\ (>o ^ic. ^La - microorganisms 2u->di CjUjISJI ^ 

i4_uad.^JLo CjL c.^^-<.uJ L^l^.jd3 ^Liul .4jaJLloJll i^^jlIljj!! 

L^jjJ 4 _jljL! 1]I t. dr.I Ju-aiJL < ^ -«^‘« ^L-ii:^—3Ji 4 ij ...t ^ ^ > 

. U^>Q! o;jj.aJ1 ^>0 c^yd\ oii4 ^ j>u (^^) a:i^i 

^ iLl»_aj ^^jjl C t »4Ai l l (j-c. Jj^jj5j ^Ai>^ U^ J<;l-L4iJ 

ijl llUj (Jjk-3J IjJaLx Ljjijrwj Lxjj Ujl IjLoILcij uu£^lj£Lll caj^IiJ 


• <r 


» 


3L_t_>«JI 4*tl /> ^Ll^l ljj^^_dj ^^jl-i->>^ LuI Id^^JUILufl 

<L3jJu>.)) 4jjdo_i iLiUjJ gtl^ T LoJli jj2llj.>Ji »1 <tir r.lj ♦ 

CajL^ ^-^j ^>-“tJoj^i 3l i^>dl tcosmic zoo «fii_ij^£Lll ^ij-j->dl 

*• 

di^ jl-LAi cU-UJI J^ Ji/jj 3jl i >^> d 

^\j^ cAlmj] CiljLdsLOw j) 3^^ JJj ^ (J:!-^Jib 

Lg aIJl:>.I t4jjdkl]i aJJt 4..sel 3Lu»dl ...1j 

Vl SL^I 


f **. •• •% 


JlitlAAiLj L^ ^_^L>J1 3LiJ»Ji cjLi£^ UJ^ << j t^aj 2f 1 i5i_ooi I^jgrw ^ 

' 4 I dil^ <1i,< (ilI ^p,jL^ JJL^ ^ljL%_UaiLj 1^0^d ^ . „/^ \ 3^^^dduJI 

diLdij SLiodl CajI^ Ijl Laj^.^j f- <4_^LfuILg cdL^ 
^_ui^L!l ^1 4-jjldLll^ . 4 nh V ^ CIjL^jI L^ 4JuLj_ILg ^-a 

** •T 

Ct^ jL_l_^lj t^j^^Sdl tl-^3 4 t dUl3 V 4__l_UOj^l 4 J ^!i CjLtjlSdl 


JjUOJ^l 5L_J_>dl 3j^^O«.jdl 4.J LAjLajuVI djjjjjdl (_y-A^ i(j\.>.j|jjiili^ 







^joil 5Lp ^ uajJI 


ijM- ii!>^5 CjIjJ 

JL>J1 4_-jlc, Lq-a ^^-uSLj CjLj_4iSLj CjIjJlJI aliJt 

«• 

/ k:> )^l / BLlaJL) / Uxi >1 / C jJl /'v^ < rt "y t Oj aSLlI CjI 4..xr> ,i,J 


iLpiSJUa :jJh.Vl tfLr^Vi j~i *mj o^ ^l-l^ V^t -j Lo J^lia ‘JL>. ^\ 

%« 

iSAj 4^^-:>o Lt^ 4_^LJuIL< 3 oljjJI Qj^ 4 fl jj>JLI ^j-xj 4 j-^,d fj! 

voiG ^ , Oil ci)UlJii^Vl 




4 tantalizing 4 jjlji_;o JIjj ^ <iL^jJll jj_jJLll iLiUjJj 

LLsLoji (-^Lu-Il^I JlI^ 44^Lc 5jJ) JUa ) J|^^_^i ^JIIjO i ^rf A i LAjI ^L*t ^1 ^ *LX t <1 

i^l-Lui jjJo 4 j:>*j ^jI ^I)) •■ er^JjJ Jj- 3 j .o^jVt ^jLi. 5 L^ 

C4.xI^ 5Li:>iJl 09^ t ^j-/o /j,!^ SLoJi (j3^ ^jl 


9 j^ _ jJlI^ jl ^'vl 31 (■ i*4> 4 La Ml 1^ LLA 

)* 

*3 tLjJlj »^a.36_uaJl jJj-j-i_a]l |^4jjJi,! niod0ling 4 j:kJLcj^ 

^1 4-11 iillLj .«4-aj^ft_iJ 1 jLatJI 4^j-^^i CjljjratAJI ^J^ 5LoK.lt 

%* •• 

jljp V SLioJl 4 —lL^ ^^LlII CjVL4.j->.VI aJJt i^-jtoL>Jl 

jj i <<C A1^ ‘(3^3^^ ^3^"^ ^Lxo. 33-ii_»JI Li-l^Lal tlij3 • viable tin*)!! 4 J_jL^ 

33^ J < It i L^3 li^i <t ^ ^**‘ 11 ^^lliJt^ 4.^03^I 5L01JL I (jg Uii f^jjQ 3 Jl%j 

33^1 SLjoJt ^d.* 3 d(jy^^ ^3^ Milt ^303x0-%^ '-*u^l3 3J3-lt M,4.iit (jyic 

^ ^wLlSLi 3.i-^t 13L-1 <..J> <^tSLj 3I L^c:^ 5l j—>«tt 4 j^ j xj i f u ^ jJ! ^^3X1 3I 
bl 3JLU j^jJt-i^Jli 30 eokJI 3I r^3 (jr^J .5L_>Jt »3 -miIJ 4tiiatf it 4_5j3-LaJI 

. 1^3003 jLLajjt L(j3 Lq Lu^ 4^3 jlII ajLJt ^3^ ^3^ 

«• 

\j ^^^3 Lu coj {^jJl Cjj£3£[Ji 5^3—*Jt 1 L^.qj 453SL5 It aJ ^3 

•* 

.^cj3JLt :4jut3Jl 4^i.,u-ift<Llt 3-A3 *(3^3^! ^3lo» 5Lo»Jt ^3-o3ju3L3tj 


^ 0 *'' 


6 




^ Cjjiaj i;j^ J 'u »\ \ 

J_^jl MJl L^\^\ jJL^i <G] CrJ 

L>^J ‘^!-® ‘-^>^ U^ VLa-ljv 

^ \VI — <-l r*i a ^ /')Loi («^ljLJb 44 —ft_u^u_iJ) ^ I i«. A /*Iit 


iJl 


1 ^ ^ 4(3jLcaJI 4>L^I 

^ SLi^l u^! 

4 ^ I /Q 

5j-la SLljLLalLa rotation period obj-^ 

jJi^l t^jUuj c^Klh* o! ^1 obj-^ 

tilt Jj—A (^1 *(Jjlrt 1 4 _c.L-i_o Y i 

obj-^ j>^=^ ubj-^ 

i5jl^^^->Ji 4_j_^_fcdU^-x Cj 1^^-_4_jl! 1I Ljuajj jlUj 

«• 

1 ^**il 1^ A 4-^ m >. > 4 j 4 i III 4.^^J ^1 i-4 ^ 

dLi-a (j^ cA^J 

4-fl^l_£i, i^j—dl ^jjJll Lu alM i.. 

J^b ^Ij (3:!A>^^ 

^ ♦♦ 

4— j I tnrt! 1 ^ d 11 ULI jLV t jJjJLSJ I 











^jaJI 6U> oc i^asuJI 


4JjlLs c-ti < JLc-5tlll Ju-iui^l L>* ^ A JfiXLj 

o^ OiH 4 jLuLl1II ^ Jim LjLjtSLo-i 

(jry-:;j lO^I jtJa^ 2L^ ^3^3 JLqJIjv) jjjjLiiij <,^jVl 

i , 0 t^ljSLJI ^juk cJ^ (^1 ^LLutU : 4^M3 0 -=^ LL}!^ 


^LIj i L^i 4S ^^iJj c-^I^^SUl dJu& j i4-IxdU 

•• ^ - * 

•O^j-I^ (1>^ 


•bAii 


• «• 






«• • 


l£JL_1a 


L^jljuj c. 4 ^L-%_>.| Lgjfe _ ^1 *< j < ill—CO I ^Lil2-l.2^ llIL-La 

4 Lj ^j-q— d oLJs^ **i -w^t ^ ^ ^ ^ .1 ■^*t _ 

Ja^ / 0 i Jlxu 4.^1 t>s 

( 3. * ^J L)^ t«Qlll^ J-»-^ S-‘^-^J * ^ U-« ^ ^ J L>^U-^ 

»4 "»■ in t n Lr^ < ii^Vi A^iiojVi 4^jL>ii) ^j_4 < t-k^ Xl * 

4^L.ui^ »tAt A**i^ j ^jjJLt *(^<1 ift Uiii! I ^_p3jVl JjLj? 4jV ijJajj 

JuLj 1,4 ‘l):H® (JJi jl g ^ ^ V • ^j-u Lo « 4 Mtti 

jl < 0 4 LiJ^^^:5tIu ‘<3:^® (j^A^ M _ ^ \ Lo ^ < 1,4 «^>ll (3^ 


^1 1^ In s^ ft 4 it T oJI JUJlAlII Jl »j J 4» a e^<J^ ♦ ^J^>I,i d^ljQjUiut 

l_4 ^ I it rv 4 .jSI cti 4 ^A 4jJ^^Ja 4^J) 4l,i I) ^a4.,cLjl 4 ^^—U3 dJL^Iu 

4^LLaJi (3^^ 3^-s..rt..j*ij jtjjAl (j3^ ^^.ti 

3-juaL>. ^j| (j—^ 4 t |»JL^ 3^ l 3^ 4_iUi!m 4 i <<t 4 

^ ^ ^ 4,..J <u 4 <*<lii dl^hli t 4 4JLt-^ ^ 4 ^ 

4 (j3^ Jal a. ifar 1..! ^L-A /<d 

. La^ !^4rLtuj IJ dL-L>«JI 

(>• jiP'' ‘ tr^ Lr^>*-''' ae j-* (>> (J^ 

cIjLj.4-^ 4JlC ^^^^.yuj4-4luiI JUJlAuJI Juu ^1 (JU-l^ ^ ^ ‘ “ 4 ^Lialil 

4j^^AI ^jjJLI A^.>» 4 *<.lr<^ A «i ^ 4 ^ ^3^^ 

ajuu 11 jj ^>4 j^j Jupiter 


a Juu L^jju >j 
• « «* ^ 


(jj^ 4.-4-1>J1 3 ^^j • li^ t -^ 4^ ^4^e—uat ^ t \ » ^__).uj4.uIuJ t 




?qDI ^jaJI ^^3 o* 


» ^Ml <v,-<^ltl >1 l^iti Jj«L^ (ji-fl ‘^' ‘-‘ i ) i ^ >- JuLA 

iCjl ^jja ^ j.>^ <^Ljl^VIj I L^ 4_sjLl(il jL^-dViJ ^ <3 J j ^>i„a-<.*u)j 

»jl i *lij CjljLiJi ^Lsc-lu ^2^9 < Jl 3 _ uil j Lja e ^ ^ij *1 j 

^ «> iftfCjU 4 j 1 ^ < II ! 1 a JU^ di IJU i ^ t a ^ ^ /a t ^ ^ • A 1_|9 C_) 1 L< tl^ 4^^-JJJ^ 


^^>~c.^-LAx inti ..,**i /[ ^ .•:A A.Cji .4-p|jL!l I ^ *i joL-zw 

I rt ilii J^J*^ i luO Jia 

CjI a J <■<! ^ (jr^ CjL^LLu^^I CjJ) ijub 4i-*ui. t i 

** «• 

L^'j * 0>Li^ (>» Crh^^ J>d^ cr*! 

J[^ jIjLj 9 jj^ cL!j->iJ .(M CjLS^^^SLII ^^-<-u 1 ^j^-jSLLiJl L^ jlr ^jilr>j 

iciU^ *-^^3 * I yfuuuxj^ (^jJ)j t^Ljr i iiU 

j^j-^eJlilj 4(._u^ljS[JI - "^j j CjLju4j^ CjI i.^.j^SUi dJUb (jyi ^^LuaJjJj 

* 3.st6roids jj.fafiJl ^citA^ (J < L^ 4 juLi 1I 3^^ XJt 


^ iUtf I «>») ^ £t 

^ (_yj Ml Jl 3_3 tL^H (j-<0 ^ Sj^aJLjUO Jjl jU iljLc. (JajO 

J~r!i^ cjLu4^ (jtJ! 4J1i1j JjAADjii 

^IjuuaJt Ijla c.i JL^j . matter SjUl J^-unadJ 31 /l^ ^jL^I LxjL3e_lcu-4 

M/ Vj-xoj ^e_Lo Lj 9_4 j Ml (^jJI J.A dil^J (^Jl!!)) (jLj Jj-Sj (jylil 

4 "i j.ol-:w 3j-ai ^^AxLaj .^Llju^^I 1 .uut u t (J:4^ JJLsJ 

4luL^ CxjI^ (jJLust ^.iiirw (jrs^ 4ijL3j9 ^1 Vj t^jjj->.Vl 

^1 aJJt j,j..i<«Vl CjLjJL)^ •4iliJ^ Qji ^ ,j » <4^ li 4j^.?c:j UL 


CjL^j^SLII c^Jj^ 4aa3)jJ9 4j%-Lo Lc^ t^^AjSL!) ^uiJxll 4J3!^ 

^C^ljiuo n i H 4jl t AsVl 3jULl C-aIcI ^9aa3j 1 t ^CT^J 


JL>»i 4 J I g. 4 Mill C-A^i^Slii Ju>-1 C^LxSo^SUI 4 \~Ctl 


4 d i i 4 jAA.j 9 A^I c-A^l^^^dl Jupiter 11 ^^_LAju . L^ a-uLiJt ^ ■ iC ti 

«» 

jJ^j La I i 4 JaJ^ (jj9 ^ ^ Cr^ ^ - j_p 2 >j^I 4il^ Wh 


4JlL^ t ^ 0 4JlL^ uj 4l*i^ 4^^—^ 4~.\"(^ ^JaJL-S Saturn 

Cy^ J^jj OJ^ . UaaId \ V o>^j; 

oL^Lul^ r. L 4 ^ «(^ u ^t A t l f 4ljJ^ i^jji *A W Luajl ^^jdil 




^jaJI SLo ^ 


I4_AJjV1 L-u5>I^SL11 (jLB ra il J^jC. i,i * > i T * ^ 0 

.cjljLiJI Uaj ‘fif4-!'j 6^ ij-iS «^L!wSo ^Ui^VI 

jlaLUl (_^ J^i j-^lj iCiljLill (Jii.! ^ j i fr i1j Ci^aLfl L^jl miH 

•• •• 

I cLjI—>.L m. ^ t I JUlj ^^^^-IdLlJll ^1 J JV ^ » 4 (uJI i^j£. 3JLjUL_jl!I 

jJL^ (j^i L^jJJLj idjU,! f^_yA 4 JIS 1 ^cjuaJ CuL^ Jl-o^ 

(^■< 1 ^ ni!) 4_iJj^l (3^^^ up® H (jr^J cly® 

L^Li-ILv^^ 4 _^jJl) j. j i ^ -y CjI j oLiSLij^ ((^Lcjl)) ^ 


J-rP*^ (j-u. 4 -.l]| CjIaj 3 ! ^y^JjJ^Lj 

^P^ ((.lUjl! **(j^ *^_^l>ljJi ^,.t,f,< <c <aJI aU^Jl)! 3 ^ ^f^JiJb 

m «• ' 

_ ^jjJLlj iSj-AjJlj t Jji Uc. - 4 jJl 4-*jjVl 4 j 01 4 AH 

oj-^ (>» < .(jjas^Vlj ‘6j )*^.!'.i‘"' * (>* ^- j' "jb hj^ uj^ 







^ ^ ‘ ^ » U^ ^ ^ 4 * * * I ^ ^ ^ n ^ i Ui i ..j **i A 3 *U^jVl 

. LL^^ 4ij^ 3-^ f' ^ L>^ ijL>. l)^ ^ 

«# 

4_4^mij (pJLij Lqj4 4-lI.^I jJi 3u jjt 3^ 


i4.1r<5>> 13 <—<-j^ 3 ^ u^j^^ 4 -u!i/ •3jLI,l 

-K ^ t_^jJl 4Mercury jjLUc.j ‘.^j^l 4±L^ ^ */ A^ 4Jlil^ jl^ 

*« 

3-4 ^U—4 ‘li"! ^ 4—3 e_j_I1j^ 4,i~^ 3 ^ 0 4_all^ ^Llj 3 -^ 

I 4jjJ ^'«llUjlJ^ 1 4__U_iju_iJI 3^ ^ 1 4 j^Lii^ f. |^,l^*<—(.^ V 4^g.^ t<i!i 

Sj-AjJI 4 ll4j) 4<iU j 3-* • Pd>-^ l-s^Lc 

•% 

3a_2j 4_5tla_4jj ^ <U♦ Ainj IjLa^ ^Lq,<<iJI 3-0 i_L^ 33^U^^ jLjUtxj^l Cp^ 


jjk i-flM-iJi I j-Aj .^jVl ^_y\£. ^jj^ae-La. XjuJI dsXJL _juaj| ^U—^ ^l —>0 -^4lP 

«» *» 

^ ji (_p3jVl ^<u:».M.^ L^J_^ 4«:j_4l4iJ ^J__JJ ciUj i t <11 t 

JLl-l4j^) a 3-?=-^ jj jtoo 3rL9^^ 4^<^U CjLIjI^I 

3^ t Lo^ 4^U J 4 JI 

(jy->lj 3^ i Pi^ 4 h4j up® ‘0^3^^ (J^ 4ijLoj 


Jik U,4^ 


^Lo 3-4 43-^ 3^ (J^ LiiLiA tl Jiii u< (ii^j *U30^^ 

jJu-£3 3 c. J 4^^p3ulieJLli tU* i>4tl )<jp 3 *Upj'^^ ^d^a-iju ^_Pc. i^jLuaJl 

.^-U-ll ^ “ (_P^ 4ijL4^l oLL4.li 3>dl£DI (-^LpD) f >iAi 3“^^ 4Jii^ 



jaJI SLp ^93 oloj Ji 6 


? Oijk^ oi^ 1 

>■ ^ 1 1 <nj (jy^ O^ ^t-la_(_o O^ L)^^ 

(^^^->iJi ' ^ ^ ^ ^1 L)3~^ ^^ ^ ^ ^ t I ii ^^^jLliJ A—cu—iSJ lLI^^Iu-uJI 

jj-d */ * , A Jj 1—*j I —A _ ^U7l > (''^) jL ^ ^c-Liu^ 

^ ^./-uJ < In t (3^^ CI4.30 ^ i tt ft .\ ^ ^^J^.i_u ^icr (^j^'>%Ji lI^jlu^JI 

A (^t ic^JUj (1)^ ^ ^^ ♦^JjI— cuJI ciinlLj ^LJLI jfj) ^3^ 

cr*''■ ‘ “ ~ ‘ J (^i5-^ J ^ ■ ■ -■ ) ‘^'-«jj-S-^ l>* 

^ <;Lc jLitj (^Ij i<;Lo jLitJ '^j^rJcJLxs jj^i subUmatcs 

«• 

1^ 4 t 4_uJuo 4.jua^ j ^LtU AjLsdL^i ui (^1 ^1 

4jvjJ jLkL lLILIa ^.m ^jl 1JL-^ e_3jju t(^) J-^-^ lJ^ ^c_Laj_o 

^ (..yU.cuJJ lLUj J 1)JL%^ ^c-La-i-u ^ ^LLu.<a Ju^ L^ILJLujO «j'>=^ 

^j| i^i.1 >. : ^LS-aLoJI CjLc.LAjj'!!^! ^jjiAUll ^j| 14 ^) lJLS> * o^* 

«« «* 

^JlcJ (^jJI jJfc ^Ut i>>!l tiUjL^j ,^L1 jjV 1 jIj 1 <;K uLaJLuaJl 

^L>Jl 4_^L^ c 1 iL^^^_j_u c^Lmll^l 4 j1_jj^^ IjLjj ^l_ii»Jl ^jjo ^ULl 

ft* 

Y JUc, jjLiiiJI (ijJLrtj ij'^ ill <41 4 JUCj L-S^'Liilj ^LseHiVlj 4ijL<_uJl 

«* 

^j-tfLoifcJj >■ t4-d-ALiJl CjLc.Lajj'^1 JUC. ‘(^£5^ ^ * * ) 

(^) ^jUJ^ Lt^ M^<44 *^jLiiiJI 4 -:wjJ eLai-uaJI 

4 « M 

^ ill ^In f II |^jJLj-u->o ( 3 j^ ^Lojjl t(^) jl 

^ Vo ^L-iijtil 4 Infl ) I .11 It iJI ^J) i i a A .^^ liT 4 ^ f ^ 1 cr>! juaJi 

(jr^^ L$J) " * ^ U^ 1 1 4^ ♦( 4ji^_ijo 4 j:wjJ A' ^ 

A' ^ *CjjL^^;-^_9 4^jJ ^ Y • ^1 ^jiajLscJj ^jLAiJl 4^jJ dJubLAJ, »_3^»LtJl 

' «* 

JLkLj .<;U1 JLcj.^ 4Ufl*> (jr^^ Lr^l 

«* *» 

<Cl4—l3 _X*,*\j^I_^ ^^*\0 l!^« »-Xti ^^l_i_uJ ^ d t-% rt itl ^JlA 

«* •* «« 

L4L4J i^jLojj tU 11^ ]1 \jjt oLs i^U Jj t4 ^2)^3 ^!r> 11) jlIc 

cL^juiaii ^JUuo 

Jl^^ ^ i JL^4-%-I<J1 a l^ S t ^i^,r< t ^Lxlftil 4jLa^ i 

4_j:vjJ YY 4_jj1^^-l>- J-a.L'w iciUj (j-^ 3-^3 .4JijL_i_u ^1 j <0 

* iljLt^ Lr^l (J-^ L>^ i^La jL^ CT^ J j) J * *’ 


• * * 





^jaJI SLp ^ itiaiJi 


♦ (j^^^SLII Jl-x_<-u-^I dLilaja^V ^jl ^ - I_ c IjlA jjjLLa^ 

«• 

CjL>»^j jJLr. I ^Ij oV IjJ^J 

*• 

(Icecream) cp->»-^W u!-^ <5V ^) '^^■" 

i ^ . \ Sjj^ aJ^L a- <J. t ((L-dL^I jlj-LjJI)) Ijla jj^^jiitlLcuj 

lj^j^\ , \ J , f « i ^Ij jL-C ^1 Jj-ifc-jJ L_aL^l jL_li>Ji ljUb <uJ L^JuULJ 

»• 

idiy ICC <(Cpid 1.3>iJ t kJLil^di)) ^ 4 ,^^iJlI ^ .4 ^ 

(jr*^ rLljl LjJjI iilJa ♦ JjLjjJI ^ ^ ■ ^ - «« (^‘■^ 

LLaJk_uaJt t—aLt, <>>| 0 , ^ JaJLuaJl (jl Ll.jlr^. i^JjLtJiJI ^ j ^ C l 

JjL»j JulC. eLajLusJl <—aljL^uo! 0 , ^ i^\ ft_:^J| 

I JlA ^tIfCi.^ "*» 1.1 L^Jl^ ^ To c., ^j^I^^Jl!! 4j ;^<lLJi .t<»* I 

«* ** 

Cr^l Cr^i JU-iuiS^) (jy-s^ tJtfxJLuaJI 

4-AjiLII 5jlj.^>vll C*-*-ijj! tJjaJLjuaJI LiJij L<vKj V) _ 

IjL<^ ^ (in • <^H c. rt • i,^ V * ^.Lli (InjiLLO lXIc.^ *^JjLuiJI ***^ 

. r^&jja 4^ O T * ^ doL^-) v4^ Ac 4^ , "cw MjLmi /*)oj >5L1I Jlju-u£^( / ^llb 


«U^ dUA 


aI# dbyft yx?! 


l^jC. (J^ 41 SJlna 3i,j, >iH 1,< {^ V i4ijLuuJl c^LtX. 

tfL^l (jl ^L "u I t>V Liji^-Hj iL^Ji_>u ^ ^Ttxid (jl 3l j-crJ! i_aj[^iiiJl 

tfJiA ^jja j^^-ljuILtdul ^_^J!laJ ^1 ^jSLcjj .5 L_l>J 1 4JL3Li.^l 

4 * 

jl L^j^Vl J.^-<a SjLfl < atil ^jl J-j-it_jJ ^jl 4J .4 ^Ljl 1( 5jLX.Lajl 

^jLj cl>lji£p-:*iJ ' “ * 1-4-4 i4_jjuajj ^VUi SLl^U SOlvent L-<JjJll jjO 
1W1 LcLiujl ij\ (Zjuocj 4-u^I djl^jjjtl buffer IjjG L^ iL^Lvlj jj£.Lijjj jala*) 

tJuUij Jia^ ^ji iJLUi J. i i JUJ ^yk. 

M ^4 44 

(ioLoJ^i 4_ia.UJLllj CjUJJUo ^ j^l4l (In 44 (_p-4J V (jt 

* ^ *4 

(djIjjJI I^A <jiiJ 4 .jig, Jj_jua->J1 4J ;^jJl C-UjJlIj tJj ^3L. J > .JI Qji 

%4 

i fi L*iTi V (_^i^ 3 Lj_>J 1 jJl£Ljiul (j^aAj iL-ijlj ♦(j|^£LIi ljL-iu_ul 

^Ac.^ .4-ja_j_>JI ^Lut (1^ 4 4 ^jSJj iljfcJij-jKj ^Lj-u ^L-:1-4 

1 iK j(,“,«t*( j cr^ jjoi 3" ci j <«ni ^1 1)4J iiiiij 

.(JiiVl (_jlg. SlijLijJI ^LJlt ^3^3 ^L>-3lj>.tl ^y^3 



5 Lf» Aj >93 o’l J* 




(^j-:^! (-LaJLuaJL^ ^ ^ tiUj ^ <tj Jjk 

^jLa icdJjJj *^£^11 ^Luj 5jja-:3 ^LH JL^jl^I (jj-ijj (jiaAitill 

(j$^ 44_u_IsiiH ^ <KiJi ^ ^ . WT\ ^-ia-ui (_yi^ frLlI CjVL ^ o*.! 

Ujj (^1 i4_i-Bj_^ t.i jl-sH cxjNj SJjLlJI dL-jJLl 0-4 o>^ o? 

1 ^ J ^ ^^ ^ j ^ ^ 3jl^_^l Qr\ t i \ t**i lart <.j>»ij 

(^) 4j^tJ^jaiJl Cuj>ij 4.j^JlII (J-*^J Irt.(j,-!^ 4 U <*<»*> 

I U >"U Lr^i 

IjJLuJl 4-^u j ^jl jtlajji q] (^) 1 JJt j^JL^^^-cuil J 4 I ^JL-c-j^i 

iJ aIjl^VI l^VT 4_^L_. i.t, LjJljA i ^ Y i .iM ,1 ^ JLjl4J iZjjL^s. iC^) ^ v.j_ji_Lxii 

I « •• •♦ «« « ft* 

Ij 4-4 tAal^JLl 4 j^LlJLl cl4;>ij j ^ r< 4 j^._lI^ Cjlj.^a-au.<-u^ Ct^ 

ft* 

« 4lfa^ (^1 43 ^jJ (Jj-iSJ ^jU S.L11 I^JJ^ 4lji4 CjLl^SLI ^t^Q-4-aJ 

t-L-LuaJ 1 (^JLjQ^, jL.^,J>J! Ij;_P^I 4 {.Ltf 

ft* ft* ^ * 

L^iSU t^Lj-JI <)L^1 ^ J i-<t JJLfl 4 _j:^L^ 1 ljA%-lm\ ^ 

*• 

Vi L-ijaa^ c^jjj .3ju4.^eILlt 4.jijJlU 4-p^l^l ^j^JlIIL 

^ 4 I «i*i J^l ^Jfj-'V ^ j * L^ 

ft* 

LaLo^ 4^Lc L^-^Ltiu-^l ^2>^L4J 4,i.<^>jVi 3l-L>Jl ^1 JJLi^ »3 Ll>J1 


4jLdljJI 4^j) <^!I 4j <lr>rtti ^JuL^l <t%j.^ju:;i]| La^j t LL^^ 

Lqvb. i^jji l!ijjL»>. (JIjl>JIj 4LjIjl!I l ^*<1 ^ *1^ 

•ft ft* ' * 

5Lu>iJl La^iiA trtuAj CjIjLj Jlo^ ^ajkJI ^Ljl:^ 4-xt.u-lJI j^ ^U>i i a 

l£:^jLl)? 5jU JL^ ^ Al^L^l 4i:i^j ciloLili ^ Lf^^ 

e.l^.i*Jl f^jjn cJlIa d^ <j /^t( dj .U ^ti 

ft* 

aL-cu-jJ^Lj J j) fl t a t^jVl ^Ja-4dU (_yl£. SL-j-Jv jJLjj 

V Lul 4, g j rt > ■ (4JLiL.i-ii dji^ dL^I I ^ ^ ^ ^^ t ^ Uti i^ 

(^1 ^tli V LJjI jl ^ISi ll,., K4J^ 'tjc_£pLl ^.U < II ^1^ 4 _LjL^ glj_A 

ij] ^^5 Lr^ 4^>-^ 4 -^Ij . L^JLa 

^jl * J-4 4_^1%—A CjI j a^ dJ^_:v^_A CujL^ dl M ...t l a 1 i t^ l 

^ CjLjl i >> j gt L^_uajuu ^1 j j M i 1 Bj j i .,. /^ J 

4JLl_cu ^c-j^pLl ^ ^ ijLc^a^^L)^ ♦^^yjuaULl 

♦ dl^i tiJJj jid^iAj ^l /d^t^.<. 







^joJI (ji£ 6L^ qc . viajil 


ai ,i4t • 


Ita 




«* # 



f 


i^A lLILLA t4^ J *l< M-xa dJL>>lj ^LS >li ^jjC. I JL^j u 

44 

1,0 fjy^ 4JLaJlj<i Cjtj-j t "u 4-j.<.<i ^ <^11 

^e_la-4-u (__yA£. Cj3JLj>»J . 1 o g JuA 

O j)r>5\*LJI 1 t^i ,^. <tl a.)j i4_uo 4^In t u ^J i^rtJ 

*4 

4_jLdU3jS/l 3»^^-i!u-SJi 5j—^.IL cjujO Sj^-juaj lL)^ otTli 

** «• 

jL:^.>.L ^cJex(^ ct^ SLx>J 1 . 1 ^iUL 

Cr^ <*utl ^L-^j-j>Jl (j — a ^ (jr^ j^^yj-xjLi IJUi:^ Lq_4 11 ^ ^ ln,< n 

%• ^ 

- ^ L J^ < < U ^\ (jyjLj JSluIu Ol-^ iCii-JO^ J—(J-^ 

44 ^ ' 

4_2jLj3 4 *Lj 4J (. i \ 1_LU.:» xI L< <.u^ j-u (jL^ 

4 * 

jL-}_-uu_^t ^lii Sj.L-4 j;-c. 4_^U 2L_^L->. supergreenhouse 

4 % 

4-j_ju3>j^1 3Lj^>J1 CjijlC. t >.l7i a iLiilj 4-3Lju»yij ,5jlj-.>JI ^^^LualL/al 
fLA JL|_tjU^I ^ Jf. L>^ V JLxd l£JL1i.x1 l(^J\ ^ 4.ui ^ S/Lj 

4 « **44 

4_4ijLft->.| 4-JtJji j^^Su (3j^ ^ t i jIjJIjlI 1 i.Injl.'^ 

*4* ** ** 

J_3 dLj^l Qo^\ CT^) J^l tii O* ^ ^ ‘ (jr^i 

Cjtj>a<> “ll JL^ LjuajI ^jjJLl (L~(Si^^SL!l )Jl^ Ct^ ^ ^ C^JLjw I 

^JLA c^l U/I>i (Jijj Vj .^^IJljC. gr 

4--loL^1 jI£j 3^1 ^cJbj^-JU V (j-La^lLa]l ij\ t4.<A,.^Lc Cji^-jJLllI 

tolj. j-JgJJ jdLp*^ JjLiJL> J.^ 0^3 • 1 ^j 

1JLA ^ jCJU (_3-I<Ji ^ Jj-lajij i4j^L> dL-j-^j 

^ 3.^1 ^ U <. rn tfll (■ J>j a<nj C*jL£^ tLUlL-u VI 

4 * ^ 

.{' •) l^j ji4' 0^ cM ><-" ALH 84001 


CMjil ^ WU tL* 490* JJdJI 

4J_cILa ^ ^ i^ 4 i^JlJlIlJ V - lj-_jJL_tO JLIj J|_^ TtJjJll 

4 * 

t h i) \ CjIjJlSJI 4j^ -> 4Jli^ 4llil(^ i 4 *<J 1 t^jIojVl 

*4 

(J^ volatile ^^LLajjo CjIjj^.^^ (Jol n ‘t>.Vlj ijL:j:jL>-l 

4 * 

;^j->Jl l^^'LJlII I (jy^^ Cr^J ‘UL9 tL>^^ J j - < h 




^L-U LaL^ O^ Ct^ 4joJl2j ^ 

. Lr^jG dljl ijIlLA Cj-GId^I iJ-AJLll ^ *—^akjLflJ ^ (lA^J 14jr U.X.H f^y}L£. 

^ Ss^UJl c^LS^Vl 4 j o^J 

('' ) ((jJj^Lo)) 4_^Lua^l d .Cj 11 LoJlG^, ‘OJ^ ?-0 l)^ J 

1 ^**1, t^ tr 1*1 >) I iv^tl 1A I ^ i II *( > 

X ** 

iViking ((jJSuLa)) ('^) ^IjJLI Jj-uaiG]| ^ 

^>=^ J»ij tiiaj L^! (jj^lj.L»JI a^Jj ^Ij t sinuous 4 j:kjju./Q oljjt^ 

«• 

(J^GLoj tCji^_|Je-lU 4^L^I ^Llt-LoJl ^1 ^-^LjUsVIj i L^ d^Luj 


3'ag.;>i-h j-i^jji (1)^ 

(jl 1 i iji fc^iGul ^„fai^,<t-Mi1t ^UajLII ^^.-c^LaA (j-^ (IfLajI 4 jLjj3-^ UlA^ 

^j»-2jj ^jaiSLjuJli ^jj4_a—t^i (^^) 3:jJL^_IiJl jLliJua CjLuui—i ^ 

Cr^lj (>» ^ J 03^ 4-iJt^l 4^ ik G l I 

«* 

(1)^ C)3^ ^J 1^4 ^ ■■: > > 4-jHI Jl- 3^1^ (1)^ (2^-^ 1 i k.\ 4 ^.i.lU 

e3!^LiJl ^Ul jLitj ^ 5 lLj.LiG> 4_j-<j^ ^j 5 L^ iWater ice ^Ul 

*« «« 

jijLjjdl (^yic. olkj^ A La^ 4 j (jSu ^ U^ J^JJLI 4-j_(!u (j~^J 

Cr^ ^'^- i - J Cr^b Cr^ Cr^ U^ ^planet-wide 

•• «« M 

C-f—>L^ t4 tin (j'i__j^k 4 tijt (J—i.„ a a ‘(JL:>" ^ irj .j»juDL>Ji 

^ iri^ 1 CZjjL^ ^LIou4^i ^1^4 ^1 ^^J-4-il>tJLI ^ 1 4,ijl r, uJI 

ijJI (JUj IX <v III l-S^jLII JljVj ♦ kajl 4-jLQ-i-u 

** 4 « 

<ln* i^^li (^\ 4-^Lu:dj ij.jiXj 41 ^JlU J-^IG 

ijikj-jdl LjoI tkLiiu jj-A 1 n ij jL^ L-s^M-iJl IjLA (jl 3 jqGL>JI! Cy^3 

1 ^GlX (jt Lr^ ^Jui jl Cj JLfl^ Jl5 4-jitjjJH U^ JL^ ^4 

lj\ LLaLuD 4 -MtJi ^Lkill Jl 1 ^Ji /jykl 3* TJ 

(Jjb ‘ J J^ Cr^i L^-^1 ikLiii! ^Lsc-jO ^Ir^< <1 

CjLojkJl Clui-ajlL>.l (3^b J JLl 4_*X| ryjljj JLj-l^I 




^jaJI 6l^ Qc iIajJI 


CujI Jl^ CjljLitll aJJt j 4-^ cdLub ;j! 4.J ‘>lri i.<it( C.<j>o 

L^LuajJI uJiJ CjL-jfkJ^SJl A <.*i,..iJl,'^ A ^ g^t Ati 

«4_LidU ^jruMj V ,A Ci^jj jUJLijJl 

jljM^ ^ cijljLtJt cliLt ulj bombardment cJu-ajJl Ijl^I r/tj 

0 <» Ij3-:x Ld^Lc ^ l,fc<i!l jd-jo itiilLaJ 

^ ^ kA-jjoi^t ^jy jL> t Cy^ LxduLjjul 

•» •» 

4 jrGjUli tj^Lk (J< J-Ij .frULl jLitJJ ^Jji 

Ixjj tL-^U 6j."u9l\ ^^L>JI tU^Ll^l 3jljp <^jjJ CjLjj^SIj 

*« •• «* 

V * j rY cru ^luj ^111 

c-dM-i-II ^^jJL>.| Ijl icdJj •( 4 jiJ) :.a A^j^ Y) « * j 

iSj-jO ^Lcj >-\ La (jl£. JL^ jLj-4-a£^l ^ 

J>i Jl T l^I ^L ndl (.!r>l>..<ia!i V* L$j? daJLjuail 

^Ao _ TY Lo 4 -LjL-u Sjj— uaj #.m 1 iS^ 

«» 

.(4j^ ixjj AO . • ) 4:».jJ 

- i5v ft (II (jl^ ^J^^^jftJJ L_d^yLjRjt ^1 f.\ ftic JL^ljU 

iifSjLuaJi (jL^ *(j^^ 4 L *<1 I ^ ) a AJ 4-^Lft 

cl>^J t Ixrt^ ciiij gjl^ iX-^jt JL£ L-fl^L-UJ 

«» ^ 

f:ULI 3 jJu 4 : Juiaiil L-d^^Ldl ^ULl jlio 

4 jft^ ;jl Lft^ i,KLfXlt <.L34 -L^rial ^LLlu ^L3^I 

*• 

< ^L»*i^l flVl V i" 11 J (J ai ^ ^IXt j t 


aftJt 






b-j4» 


i»jji Jj)j U <Lik- (j^ .ed! jjj 

dL^l 1^ ^ Cj-jL£^ _ 4I4-U jJjflj dj_ft_c 1 t^LL-g Oaj!M-J 

.(jVl ^ Lftja c-dliLxIsVi CjLlft ^1 clji^utt 1 ‘ “ ^ /d i^tl . ..tt 

«* 

i^^I->U 4 XalSLll cjIjjjJI CxjL^ Lo j^yl^ ^ g. Lft-i * 11 jjj 

j-j^I ^ latui C .4- JJ ^ Jl^ jLLa-ftVl J^LxA JLJ^lj 

cdlj L <0 tCjl^JLdJi CuJL^ JL^ 4 ljL.tjuji (j! 

cliLb^^-oJI (j-iaJLJ CjIj CjSLxj iA'nu 4 _jujf ^ ila 4 JL.t > 4 .^^^^^ 

. Au^J^ 4 j^^jtj Joj-La.^ (Ji*! jJl ^j-o jN^laJ 



VoUl 



Lj^ i ^j 1*^ Ii < ^4 <Dj^ U^JI dJLA 1^T ( i^jVI Vi^l CljSlj^l i-^ 


(^liJIj (Olympus Mons u| a 4 3jL>MJLt 

j^i tx iti ^ ^ d ^3-bi4 i * ^ iduJo^^ * * 










4JSL1 w i. A 
5 j-xxju^I 6^ ^ 4> V.<^ J| oLwSJI 

» O^ L^jL*^ 4^iL 

*• 


^_^iL>.j * L*i jsI j (J-^^ cr^^^Wj 

J-ua3 Martian equator 

Y) c^l >0 ^J^V* j?l- 

4-:wjj \ * • jJ^I 4-:wjjJ a jV Ti 4-3jt 


< ■< < A ^ ^ 

4 * 


^>LiJI 




j is: 


4 





9 . 3 -^ u_S^<i_ C. J^_:vj ^^3 ^ 

CjjL^ jL^Iil 3jlj*^ 4_:wjj ^j| JLjV i^^L>JI 

ojL>ij (<(^^iiji j>jjj <jjmi)) ^<t^ c?> 4.j">».^^<i^ i^ji 

' «* «• 

Lot idJLA 4 .ghfcJI ijlojt)) (>c. _ John of Gaunt <^ 3 -^ 03-^ - ^lUi 


(ji 4 ((4,1 ^J! < 4.1^ (jr^ ^c-ijJLl 5^^^-aJbL^ 

(jf VI i 5jLoul <.^jS,>ill Cu_}l£^ ((^c-J^I 5 ^^-udL>.)) (JIaj^^jiiw ^j.5^ 

i<(4JL9>JI < i^* (jJL£: 4-L>>)) ^ 

jLLxaVI CjLi\J^ I <0^,11 <C. i43uM 4juj 1 (3^ ^Jn < uJ Ljlj y- LA 

Si j Si U 11.^ 4a o/v cAjlAj t^3^>x.jj aUS.< <<1 

^(j\^ ^ Sj^I^Aq 




iti^ 




SAL^I ( gjunj 4 jILf> —jJt —4_iJ -V. (^j li L^ 

* 5 ^33 3j' C_d^'4-ftJI ^._4-ust (L^ 4 -,Sjj>_I^ t 

^ \ 4<tLjua»All ui-i f ti£> I 11 

4 * 

A 4(J!lJLIjj «4_j_Jt-i^l 4—j >Ustl A—o-Ail I\ A 4<1 .^t 

^ %• 


aIjlJLjl^ 4^ Cu^4—tA-tl I 4»1 StI ^IXi jLAcj S' 

^ 4 *4 4dL-Al 3-x ^Vl _r^l L/al t4 j < t^.S!! ^ ^ Sil (_dL..^l J J^"S^^ 

^_La-iuj L>'S!'^ ^ Lc.jj-0 (3 qA->JL1 

O^J 




‘oUl *6l^ Q \ Ja 


^ *• 

(jl^ jc-j^^-^oli L-S^-LiJI ^Kt l di A 1 A~ ^\ 4 rtj rt"w ;jLfl ipm jLitjj 

Liiaji JLa *-uaJi ^jIoLLstjl ^.q-3 ♦jc.j^l (^j-j-uLj<j j-^Lj L^J 

(jL^ 4 _L^jJ1 jI.lS, fl 

V i l ^tfi < It Ljjfj-^Jl ^jji 5jlj->Ji ^<>cj *(J^I 

t4-L)l <ju ^L-t-A ciJ^^JLjaV 4^“ <<* 1^ ^ 11 A1 ^ ^i—^ '4 ^ t tl 

J^i-*-^ Cr^ cfJJj J-4-Cj «Joill ^ I j I LLalj 

«• 

^\ J LuJt JL-O-J^l 4jj—U4J ^^Llllj^ i^JjJLl ^LxJ_U (jyi^ ^LaIL>*1 

. 4j 




'<<S’- ^ 


j|JU;t ^ji Lq-^ .4S^_>kJm dLjXI (J * rt i ^> ^ ) 1^ ^tlajLu 4^-1^ 111 4_a-utjJI OljJL^I o'Jl^ ;jl ^ « 

_# 

^ *4 11 0 JL^^L<^C^ I Jk >iB^>0 1 < < *Sn 4 iJiA I H k ^ ^ I ^LxjIS^xI I I 

^ C Lfl IjLqJL^I iLui jrj-a^ 

♦ ^i<L4yLj)» 








jjL^ <Margaritifer sinus ^ 

^1^1 ij\ 5jj) ^ liO^ C7^^ 4ij iIjl^JL2JI 1.,^^ ijjLj^^ A^lS 

4^i:>%i*LT I^LjL^^ Ij15w4 IjL^ 4Jij^l3 CjiXJii CjJ^^ jl^ 

.[t(L.«jlj)t ^ISj 3 jJp 4^) fossil life V) 3Lj>Jt 



fj^ ^ ^ ol ^j-4 Y* julSI ^Ijj u*^ S L m i iXi^lj t>li^ 

JuJL^I jI (^JL4j^i J.4^t jL^u^t ^ ^c-LxwJ JuS 

• LufD#Bjift tftjuill t—oo h Ill (^^1 L«i^ 






?^TJI ^ JJOJI laic 5 L^ ^93 qSmj Ja 


dL^Lj tf.jJLaJLl ^^yjljuJ! ^tj^l jjb i-dJjiJ ^_^LuaJI j-pGJl 

^ cr^i ^ ‘ LaLftJ t-^L^ 

** 

tlrjJ ^jljJJj i4-Loj ij j i\^ ^L<a (j-<3 ^ J i j-A c!1jjJL>. 

^JL^ To .^ ^iji^l t**t,t^ i d 1 ij \ij «cA->. 4J <ti 

j^JlII dLj-^jJ ^^IjUlII C- 4 ^^^^Li i i ^ i^t-J^l ^tn I a si J 

.jjVl 4 ^^^jlj 

i(_p3jVl SL j -fc iJl J-t-df a r.. ..1 ^1 LlLusjj L/dj i4-3juu Lxj 

Jj^ 4_^ SLj^I W^ oL^ 6? Lr*l u'j-iAf 

(J^ ^^^IjLpl ^e_La_tdU CJj-^Ia SLu^nJI C-iji£^ *LiUjL! 4-^ijL^I 

LjL^-^wI^^ ^JlI) ^L^iJ^t JUfalL Mi.H ^t^|_b.uJl (2)^-^ t4 < i n 4.JtJ^ I flJ L^ 

SLi->JI ^1 4^ 4. (jr^ 1 —aLxj SLxj>JI "i >»i (J —^ f‘J^^ 

jlla'nl ^*1 •>- c 1 «jL^ l)^ ‘ 4 ij 14 CjJl_:wj 

SU! 



. I > j . Ls 1 1 u^*} 4^1 ^LiJdVL jLuh^Mlt jLj <it^i ^Lj fj^ 4^^ *ij^Tt ^' . t%^T< 44 ^Jt ijjSu 3 

^>:1j 9... tr^ 5La->JI Ja i5L->JJ i^Ul j»jLc (<Uj 





5Lp d*aj| 


^1 JUJl > ,.1 SL^i ci*:i£ Ijlj 

* L^J-^ LM Si J l-u ^ <ij Lr^ SLi-^l 

Jjjtii ^jl Lll < ^.f^ • -^>^i CjVLOjs-I 

„ ^t <4 j 11*>rt!I ^i<)-rtti tll<^>ij L^ 1^ a..l Ml lO CjJljk^ SI^ljhJI VlSLifu! 
<>JLAj .^l£j^l tlsLlaill Jj«-Sj i in CLoiJ 

•• *• M 

4^j>>a JL>o 1^X1 .^^1 jLi^l (jr^ ({4^jj>Jl CjL>-1jJ1)) 

*« «« 

Sjj_C. (^1 JLx^ L^ILsclJ ^LoLlH 4.^LSJt 5 is. i TTi a 

«« «*'«*«» 

jjlSLjO JL»JL>0 (jyic Sjlj.^>*Jl 4-rwj^ jL« Ml*! < »j jL£.LiaiJ i (j^' i>j -j^' (^! 
L^jj^ t L.gl ^ ~>- 1. 4 C. ^ 1 \ 4 J £kj Cju_>»j jJ-IsLIa 

Jjuaj ^>. j,ia>Jlj (ji iLill'^ juu robot explorers 4 S i n ,U CjLjjjj^ 

3 \_jj>J| ^ISLiIul Cj^ >C*L<a<l 4 _^^^ Olx. A L^l Ct^U Jl^ LjO 

j-Lu-o 4ijL< <iU c^Lj C, (jr^ <4J < I) O-^ " SI SjJL 

(-LaL^-v*^! Sjlj'^l JJ)« io <1^ JLA « 1-4JJ1) jSo (J^\ I 

i^u^i '»■ SLl->» c_dLi!ulL^Lj ^jj jJI ^L gUII 4_t^Lc jJI 

dj!VL>-j 1 ^*< 1 <>, >> 4 -^i.L.uJI ^ljLIuJI Calj II CjIj) \ i.uJI lLLIj 

>»^l Cy^ 6^' l>Qi£. cr^l ^LaAAJI ^>11 

4_jujl ‘4JLa ^J^l ^tJsaa-u ^1-tP^ (-dlxA (JluL^ ^1 ALH 84001 

f^j£L ^JLi-aaVI ^jA CjIj-*!u_C. L^J-^ p ^1 .^jrj-u_uJl jj-4 

cLILLA CajL^ jJj L^J^\ ^J>4I ^t-Laj-u t^lxA Cajl^ ^jl La JUJL^O 4-JUd^^ 

tfuLiauJIj c-s^LlL^I 1 ^jufc sLoKit (JlSLiii) jJ-ji:>u SlL SLjj>. 

.4_uJojVl SLij>Jl Cx^J 1,^loJ 




aUi^Y ^ 


« ♦ «» 


^'.kii u 


^3_^l JiL>Ji I n in’vj (jl J-jotj o' O—^ L ■« o-*^ 

•• •• 

J'i V d,■._->■ fl ; .‘:.J I^i Jl DNA UjdJ ALH 84001 

4 » ^ 

L^l (^ M J^Lsc-jIM-I ^_paj-*-jj ^1 ^ , S -.1 J (jl (Jblji^j-J^l dJ-A 

«% 

_J^ DNA Ujdl JiL*:i fjLuj -o jr-SLj jJuL^l ^1 ciKiijll 

^ aLi 4Jga^_4^i11 j) ^{ \ idi 


?^jui ^ ^93 o1 oSaj Jift 


DNA ^Ll_c 

4 j < tilji^.j^l 4 Jq^JL jsJi ^ t t I IjC ^4 j ^ (^Ji^ i^LujJ) 

6^ 4il <^ tr< Mj-a-<.jvj i^Li t \ t-. . 11 5 <* \ ^1 1j .4.»JI Ijla ^^ J ^.i 'x— <j 

»1 jj-.i<oi < J jJl DNA Uj IjjL-^ I Krt ^ Lq^ ^1—a 

•• 

Ujj DNA LjjJI ^1 ^iL^Ltil i CjHj-^ reconstruct ^iLAlL^iV 

(JLoIL^-Vi yXj tj jua i clUj ^ i4Jajji.L^I aix^ «:L2aiJ 4 ^i.^_l 2->> C^l£^ 

t^Lo^ ^AC, rli (-^j-i-aj iljt^ 

J-JJU JL-I^ <(JL>. ^Ajux-ScJu ^ L>^J (jy^ 4 , jl c j^Iul!! 

< 1.i (..y^ ^t_la_t-u (_yi^ CjLIjIS^ Lt^ 

L A ^ (jA CjLuLSLII oJJt C-uL^ cr^ 

^lr>iJI (—LlI 4^Jl2j (^JlII (JlliXl ^ja 1 Jt^ J*-X^ 

«» 

<9JL_^ 4.j ,4 A Vi 4_iJLJl iJaXI 

*« 

t—~ 4_)1 _-ui_il!! 4.->>_^ L^ • uj?^ j 4_l£. ^L_:>-VI 4_i__>JI oLoL^i 

ijr*^3 <5l j W) ^jA dJl-A LfcJL-4.aJU t4^l j 4 - o:>uuu( 

^L(_uj i-LqJiftJ ^Jjs^ i^LlllI 1S4_ijuajVl SLu>Ji -zA^ 

«« 

4_u^ cr^ jL4M£,’^i Lajf Ijla SI replication tc-^LuJ! 

•• •» 

SL^Li£,j SjujLr^l ^^-SLscj (^jJ!^ <DNA LjjJIj 

L^l 1 iA 3 L^l>. ljjL>-^ Luil i^JLii-ll tLT^ <Ij 

.4-a_ju3jVI BLxaijl 4^ JLieJi-toiJ (^jJI 4_ui^ DNA UjlII ulajuuaJlj ^ Jl-Jt Tf-t-uJ 

U7^\ ‘ L^* i ^ L>^ * jAjlc. 

^ dLlo^U ^ jJI ^jSJ\ Jj2\ ^\ iSL^l ^>5 0<1^\ >l£J ^ 

•• ^ 

Cj^ it^ j, til ^^JlJI 4 J "»»lj «^jjl i4i1l 

0 : 1 ^ ji _ J >U' SL^I JlS^l (jLa >3? JUi^lJ^ .l^LuaJ 

~*' 1 A 4 rt,,li.:V a 4.^1 J J ^ oLai 4 ^ JL^oJLjtJ JL^ _ ^ N ^ ^ 3 ^ 

jJ-« 4 _X. ^jIn f aJ t3j, J aj j^ t ^) 4 3 1 * 1 ^ 1 .1 oLj£^-;:^ 1 ^j-o 4-^1 j^>VIj 

dJLA '-^_9 , 3jji V'w 4-^ CjLijIJ^ (3^ (_yJ5 l$A^ x-xjiZJlj 4(( 

comparative 4jjL3JLi L^jJ^^i ^ cr^l oLa^Ll^VI 

431IL>JLI i4-jj-ojVl 3ij">JI j^jA 4^,hsfc^ 0^ L)"^ ibiology 

—<-a_Il_^l j-A^ tSzostak <jJl *< <<>3J ^ 3j) 3* ^ 




^jAil SLp 





jJ Luj J^T)) :dLpJl 

* ((1 t/*» t ^ ^ 1 « J .1 A 4 d t**< ^ ^ 

<ljjuaj? ^U1 $l^>iti ^ 15 k fallt 

duL^ f.^ys^ ^Ijiitli^Lj replicate 
«* *• 

LiN>iJlj DNA IjJlII (.JilloBj cjI 

i ^j n T ^ **^Jl£LtIiul A ^j ^ ^ ^ 

cJa-iiuSCLutj t 4 .^LLu-/Q 4 _i-jj^^ a^Ljj cjI^I^ • II a^Ltiiuo 

'Lj->iJi * ~ ' 4 -i.jajSu "i 11 CljLa^lfcM ^2)-^ j 

«* «» 

ij^$J-LM 5 Lu>Jl 1 ^ Jl^>u/Vl (jl J j ^ <Li_L>ij LLa 

3 Ll>JI IjLa 1 ^J* 3 !l_> l^tl .^.A DNA Ijj cdJiLcjj ^LdLi^j 4 ju!iJI 

L!yUJi <^U 4 !^) Vj DNA UjJi U ^ 4 ^jl ^Ui 

«« «* •• 

a ■ t***! ~ r_Vl dJU^ (j 1 3L-i.5eJJ 3j» J ^ 4 (JjIj_ijJLj Bg. 4 1 1 

>U1 5L^i oW 65 2La^ j 

^ ^ t«> LiJ 1 1 I jla^ . 4 .jl^ Liw 1 jl<.<i 3 > 1 ^ i LijLj^ ^ 6 ^"^ ^ 

aJLijLstjo t ^^ * i(^^) d^^LLaJI ^Lil^Vl 4^ Irt 1 1 <■<> ,4 <11 CjL1, « 

a ■ 4 -jlj i « ^ dit it i_^ * * i ^ »I d» It) JLd 4 _i_XiiO^ 1 I c I 1 ( 2 )^^ * j ^i 

idiLiju-SL-ua 1 ^ 65^^ 5 L.:>tJl aj-A Jjja llijj t<LiJu 3 jVl SLoJl L^^Lu-a 

.*^i l a I^ I (^jj^ a ^ 1 lAi al-ir»iti ijiA 1 ^^ ^ 

aJiA U Lu^Lqj^ » 4 j_iJa>^Vl ^1 j 1^ j \ ^ t ai*< V-,> aL j . "> <. 1 1 

:^Jl^-tdU 4 jL:kV 1 - djla^ ^oAt ^jLj CjLuial 

^^ULi-u . La'^^ aLj^Jl 4 j t M-Ji 4 1 t*i t 4 _^j^^Jd {^tj^ 

«• 

^ui 31—i-^ai 1^3) ^ j ^ (*1 

J.l .-J\ jj . -tl 4 j^ i^ijL-ua-o oLa^Ldl ^ . ISU ^J_lJ .4 .-^ li 

La^l ^ La^l 5 ^-^ 411 ^ I 

juLj / 6c. La al i "> i t l t jju^l ^q 5 L>ij 





?oUI 51^ ^93 OI oSjoy Ja 


Sle* 


f: 1W 


Jlu 3 tx <ti cJijua^ 4 -^Llju]| CjI^, n jII ll>a-3 

%• 

^ 1.^ jl^ Cul^ tillj S i ^ a ! ^jVI^CjVjL^I dJL^jj «^^ijJLI jJa-tdU 

i^LiJI 4.3^ thinness 4 ^j jV diljj *jj>ll (jr^! ^ ‘^'** J-^j-j O? 

^3 (jic. a2 ^ aJ (l)ii>SLJI . ■ ■ . < ! ^Ij (>» u3^' ty=®i4' eSj^' 

’ M •• •• 


L^j .ciLJj 4_^LLbyijj .2 lSjJI 

JJjJI (J-*^-;^ ^ t^J-4.U,]l 4_^j-JlIl Lj ) J ^ ijj-i <—<_tJj 

^l—;i,rt. iill -ilj^ ciLJjJ - ^ y “tt ^jjJLj 4„ 1 .1, —uD ^ -4 -i ,.j. j V (^jJlj 

Ij 4_i>-^ ^ (^.-Tt.ai^tj f^i *A ^ ij A i.. ^ ^ 4 jla'lJ 



landers 4 „i .tJojI t**ilU> ^ ^ ^ /< . ^^Cji ^ ^I^jjlJIj j^JLI 

♦ SLpiJl -ijp-j L>^ d lj 

4^ H i 1 CjI*! j ill i^\ ^lt!i i(^jL?bJ]J) fiJJt i^aTt JU^j 

<1 ^^ 7 !^ LaLoiw Ly^ 

juj ^Jyl£. ii^jUibj ^Antarctica Sjuj^^ldd ISl^jLlj! SjL2 ^ <LflL^I 

%• 

CjLjV^U 4.ii^LiJi (JLa 4aVl CjI^ <ti..c. 

(^^ILuuo (^\ 3jL^L4^i ^L^pl cjLbL^lj (Jl.t '>i.ti uIsLc^l l^aP "-li 
I ^lA ^ ,»Ia»JI 4 :Ll lljlJI L4^ ( I f.U 


t 

ISlj’l^jLjbl 4..^ Sj it^Lc. > c, rtj.ifl V ^Jj 3>jL-i C. 
tDry Valleys 431^1 0 ^ *cJi-uSJI Jul^l 0^ U^^-« 4-a^ 

. jloIj^I iR.oss Oesert I .^*<3 

«• 

» cBj-^ 41:>^LL1I CjjjJLscJJLt (j^i^ icdLlibj 
cjLuuaj>Jl , ,<^.iiij iojLflj djLul^ Friedmann ^jLojb;Ja (Jlj-^j 


. Cryptoendoliths 

2 d ***<-1,^ CjLLi^VI ^j.x 5t.l auua Cjij.,.4j.r<. t.«i-4 ^^1^1 dtLljlSLli dJUbj 

^ 4£^.Je_i-aJl jdauuuVl Cjm ^J jiJtlj Symbiotic lichens 


^L*J| jjuuij t5jl^^_>Jl CjL^jj 4., ^ ^ LaJll CjI^ t4j i oLdJI SjjjbJI 

^j-ilo ^L2.^ jlSllLj 1 flCj tjjLd cZjLubLli djub ^ 2h*tj 

viiljuj .jLbjijiO I 2^ V 4 j(SL! tporous S, i 2)11 j^-3e_uaJI 
2Lp>JI jLj^ cr^ ^2 ■ aI ilife at the edge ((^jl 4>J1 » cjLIjLS (J 5^ 




^jaJI Sl^ ^ 1 * 1 ^ 11 II 


JL^ (4JLjljb cL>>jJL} jju^i L^LJl^yC: f 11^-* ! ‘ 

*• 

J 4_JLJuL>JII CjLj JU\^1\ 3 J A t **< fa < l A (^^JLc LjjLc ^ ^ ^ ^ ^iJ—U 

aJJ^ C<j>u BLjjkJI ^g.1 1,^ t.iJLu^Lj^ { , h • (j’lJLc.uJt L_dVI lA^.4-r, 

t(^^) 3. tj l.AlrHaa ^jL^JU^ iS.J^\ O ** J* * ^ ^ Jl 3^ t^j-i-oLaJl 

*• •* 

t4jLc jl£LJL JL^ OjJLl » inferno ^ca.3tj>Jl 

^Li-uiVl i<La^ J.J -^t) (2>^J 

^ 6- } ^\jX\ Sr‘J-^^‘ ^-^3}^ 5_^L^I U? f^J ♦«L-^b 

i 3^ ■ < n 9 Ji_liu I ^ I j OJ) ^ < 1 J A ^> iJi ^JI^^JLI i^O^JLlj 

4^ <.4.<iJI 4jVjLJt^^ bV,j I li,^ i 0,5^^^ ^ j) 4j9^«i_C. 4_3^ ^ > * ' “ * 

- 4_tt i>stl 4jkJLj Ly^ "■ J^•‘^} j) 


^- 4 -^ c^jUtJi] >Ilj cilLiJl »l ^ c, IJlj L^Julc 


UJ *v^^- Lr^ 3l,.j,><ll i^c. <^.(j:t.,il) Viking ((^JSljLfJ)) g.1 <i 

^ ‘*J (' *^) ^.u-^>a ^ j 0 ^JlL^ "o ^jjLjuaJl 4_iJlj 4-a^ ^ 

^ '«« L7^ 4.u_u-a-> ^ tin i ^Ij ‘(Jj-^ ^Lo L^J^La 

2Liixj-31_i^l cjLxii3LxII 0^1 *^_pDjSfi ^1 4 _jjL^ J^-“ji ^ u-^J 
miniature 3^^-JLuaJH 3-^.11 urt_JLj| J-<>>-^! ^L-jijjj ^ j ^ i^j ^j 

(jr-^1 ijlaJilj (jr-^ LajLu ^ ^1 laboratories 

ift^^-JLSLjL^)) orbiters jJLl 3 ^ ^V"t ^kc. ^ 2^ j 

jj^c-juail ^1 J—Lajua^l (j^yx^^LA iL-<—^jSLlI ^tJ<a-(_o ^^'t-i-uJ I ta> Aj 

dJ-i-u^l if^j\jLJLLJi 3jJL^ . i o ^ <>ln> ij (_y^j (1)^ Cy^ 3^ j . ! I 


^yCi 1 '>-t.iL>Q ^J<ajuj lyG LjSlL-oV j^juaJl (—sVT ^ji-LijuojVl ^LtLi^JLi 

^Li »-j_3l-juo iZ^j^ tg.i 3 4jitl^ L-oj-juaJl ^Jj) .jur> 4j lij 

4j^jJ ) * * ^1 3jij->JI 4_;vjJ <11 4 .Jl-j—<- u^1 



-S' Jt 


^ ^Jsa-i-u (j^ 3L^.U ijLp^J Ijii jjjuail aJJt ^ i^\ >4^ 

✓ 

4-^J.aCuJ .t^lj L^ ^1 L-^ Tfc- LuL-^ 4 i -tjUJ (^1 ^J). 1^ 11 ^JL-A 0^4 

«» ^ 

CjUjISJI ijja Cj^Liia^ ^ i4l:>- <burroW j.rt->^ j! <0^54^ JJ>* 







_ LJjIj 1 - <-£iijj t L_j 4 . ■.\ ^ J_il ^t l VI ^V V ciU j ol^ t4j|J jLJfcjj * 

*• 

L^Lci ^ i 4-j^^^^t-pjC ^L^c-^l djij ^Lx^JI ^ n 4 (2)^ 

^LAjI L.o \jJt tjL^j . jl^Vi ^ 4JijLA jl jLc! ^ ^ 

•* ’ 

1 ^ i4_4j^j^^l Cjj^ ^ j ft <rfru LljljV^toXJl CjLljO 

CjVT ^Ul 4-^ V <±*^ o-« SLjkJI 

.?c-xSLi1j 3 4^ijl 4 } <iti 

^ 4* 

jjl Ijijj-^ f.\ 4. UI i (jV imicroscopes SjJLuaXi ol^^-oIL^Jll ^ 

i L i i.iiJ 4 JLIflJ! 414 lL><.I> 1 L^JLjL^ ^ . i >. <tt t 1 JLv 4 t iCij^ Q^$ ^ LLM L^Ti a 1^) 

^Lcic (jp3 ^JyjxAJ^ ♦jJjlaIL ij^llaJli 4^^I Cy Ij \ c^jLtllL 

«• 

Je ^ a 1 j-i^Uii 

JJjJI f'y L-a ^ sLpJI JJj 

«» ^ «» 

^c-j_>. Lc-^ i(^^AlL>.LiJi ^1 j_<-uJI 1 j-A i ^ o~^ LcLj^I ^jj)^j-<.A< jJI 

3jJL ^LUu 4..aLLlli cjLuj^Llli 



(r^ubSoL^)! f.\ rt 1 \ 4 Mll3.ncl6rs <u* Vt ^t t t i^ j ^JL^ i^ ^^ 

Ml j^ 4<^TI LdVt 1 i tf!li ^l * j LILLu^I ^**i 1 ..f ojX^ • ^ 1 A1 ^ 3^L.l^ 

«^4(LwLj)) 4JIS^ ^oS^SLIt 1 jl^T 43j^^j b^cj^t 



^joJI ^ SU? oc 



LaLjK IjJoJLd \^V'\ j»Lc ^ ^JbSL^L^ \ ^j-uJjV) Ala>J,l 4JlIa.dJJI ^u>Lt ^ li’iVl t JLA 

.^i( LmIj)) ^ I a^Lm] Cj^S I 


:f^*^ <J-^^ tj^ ^ i,lLJJ-><*> 4 n,j,a/v ljufcj 

cj^ 5 Ljj>JI Lo i^l^l _ SLpsJl 

« L^-dOj^-ju ^ i3L-j_%JJ 4 _b^iJLI ^iSLju^i ^j£. Ijjlxj i 

')^^ 1^ *X <i A! 1 ct^I Cy^ ^JLjJ^l olj/mti cjjIj 


S.V1 


(0—s^bl 


^jJ < 


oiv,..A ^\ _*.^1-1 


(jjj j j -“ ‘ >'’ 3.. j .. aj -$ ^ aJj^LJI ‘^b . ' ' '^ •^' 

JIjLjj 4^LJI 5 . x...^l ^ Jj i^i ^ Jjj -II 

^jyA Lx ■ ^ ‘ 1 .1^1 


(jj ^ * t4-xLc. 5jj) S ^jSLjLAU 4-j-jLi,.^...t5Lll cjjLjeJxJI Lx 

breathing (^1 L>^ ,**i CajL^ c^jl jr "ti aJJt ^j-x 5ju>.lj 

iCating 4 jlxc. cjLjj^j£ 1^ cr^ cr^ 4^L!iJI l_3Jla Jox-jj 

4 _iitjj-x djLjjiL^ corpses olL^ 4JiJL!iJI c.ulx^ Lg.!^ 

«» 

t~i 4 -j-x-L* ii grlX .< ttVi c< iL^ • ^^ 4 AljljjJL 1 djl^LjL!l Cy^ 

*• 

..ATit i^ labeled-release jMUyi :<^jL^ ^ ^>1111 dijLsBjVl 

pyrolitic-release (^jlj-j>Jl t(J^Vl) gas-exchange oljLiJi J^L-pj 

4-LlC. ^JjI oil iSJ-^ t^jji-ijuJI 4 jj,-:>o ^LuIj 









?JI]| ^ 5Lp q) qSjoj Jit 



^ <i-uLi-^5vlt cjL^jJLI jjfi 4ai^<4.^ 
4lDLa-u^ ^ xoJ I ^ t i Ji 


t ^ ^ 4 _LoL>. i^cjjJLl 

Jm cjIjju labeled 


(Jiua uo j:j!l>o oljl^ jl tj-i- 

Jl tiUj j-ct.i,^ ^1?> III 






a ♦4_fl^^_Ljj^l cjLi^^^I j^j^AjLi exhaled <(Cj^-5j)) Jl£ ^^^_jJLj laJLlit 

4. j VjjJLl J>a 1 .* > Joi g i <tj CjjXxjI ,a rt4 t4-^l i^io 


Cil^till Jjc. diAjt-dl ^ ttf^l/^ToJLi ^julII jI^I)) j-a cjI^ i^iC > broth 
Jl (^LpuM cjI^^^-jju \^ \ Cujl^ ^5^-tIuL^ ^ In I >1 j)ltj cjljLiult ^jL>Jl 

c.ulLu 33 i4-ljLiaJI ^ jl. ftJLl I jiji.f ^ L 7 ^ Cx.4-^_Il1I jl^ CjLj 3 ^^LlI ,1 

.LfiljLj 4 .:%l^uj CjjjiJtJl SjUJL:^ Lc.(jji 
JljUJ ^-l-glt *■ *>*> ^ (jl 3 J i —A 

* M 

i 4j^ TT iJI C7^ ^ ^ ^ 4—:vl \ (r<..<.u^l i jLuuJi 

^_^jJl 3 _ 4JljLi-uJI cjluJudLl i^Q-A jl-^ 3 J IjLjoj ScjijLi^ jl ((^^Jj)) ^ ^_y]LlL!lj 3 
cjUjISH ^ - chicken soup ((^L:wjJ( <«■ ->.)> ^<u<-ul ^.LJjlII 4-^ik. 

^~*l <j • ^JUt ^ti q4Suua->^)) JL^ ^4_j_%j^i 4 j n^ll 


oJJt i«di 


Jai_JaJI L^ (>» l5i>^ 







^^aJI jJ i 


Jjl ^J^ O^ ^IxH^L 41/c.o .U 

«k «» 

JuLjj ,4 1 Ml 43 j>j 1 l ^) ] tagged «4l<jJLi-4» ij 

*» 

4j^j^ ^ 1 * * * i^yA (jrjJtjjU ^ O-^ l1iLc,L_u dJuc, 

"^1 c-S^-JlII La^ i^4ji^_j_^ 4 -l:^jJ 0 * * ^ CT^b 

iOL j^^^^JSLujJJ 4_x-i:a-ft->JL 1 t- l1 ^11 i^jjd t^\ 4lL5ijJJLl LliljLiJl n^ 

•* •* 

tijL^j^l IjlcLj) eijljLjLii cjjt vapor trap «jl V tU 3jj <^4)) 

i 

5jj_juaJ dJLaj-aJLl cillj ^ i .C. Cjj^ (jy^b .-X i < I cJj^ ((4 oitli)) 

Lljej jL?e-^i oJuLu^ji I lIjIjUiJI iciJJIb .^4J^1^ 

«* ** 

✓ 

cijLj.^%JL1 j^jja Ly^b Cy^ jlj^ (^jl!I^ At i uVl uL>La!ux!l Cy^ 

^ ^ST ** * •» ^ ^ ^ •• 

♦ L^jja 4 ^L_u^ L^jjc-aJ ^ 4- * < nU 4^^j^l 

jtjflLftJJ 3 jl-l>. 4.jl^j-4 OjL^ tCj^^ldl (-jjLzfcldl ^JlA (J» a ij 

, L^j>a Ju£. Sjj Lr^ 4.;^ct-o jI iC-J^I jl tC^ u^n 4-0^. 


ji^f 49^ oLd^ ImmiIwi 


^j(S[jL^ 4_^LuAaJi 4-Lii, <.(itl Jaj^yfc ^^L<-ul Jljlj i ^ Lr^ 

^1 ^LUJI ^ 4jLjJaj (>llLal« ^ ^ 

5 4^L:fcjl 3Lj.j>JI c^LiuIi^l •lP®. 

^ i «■ (jyic Cj ljJj.SLx-.rt rti-rtJUJi (j.^ JJLC. ^-jjLLj-ul J—(- 

5j—Lt^a-jJI 4 j ^c.c-t-uJ JL^ Lrt-^ 3jj) 1 - lj.Sjj| Jl 2_3 iiiUj ^ 

^-jJI 4 ^Li-^jSL1I CjIjjjlIJI 4-iJuSJLl CjLjjxjuaJl ^rtJ>t_:>- - 

[ A i^ i i4uL^ ) * ^ djLiL^X. />^ 4^,>uLiJl ciJJj /'jp>Q t^LiTKJl ^ 


i i <iJ 


.SLpell <—SjjJLrt jSLtIo t!UJc_Jl ^1 IjLA l_3JL^ 

t L^JfcjLxj CJj-^la LP^3^ Cr^J ‘(c3^*^0 L^^^'LLxJI 4jj-^ Cjj. 

J • « S^^-JuLua ^tJjJLl 4 jjj 3^^ Cjj.^tfO Jl^ ^^/Lfle_4-aSVi ^_yA 3j.ut a Ll)Lj.rtS ^jl 

j ^tA> LcrLrt^j L>^ * 1 cjLjlaJLL ^juiJI ^LwjJI rtLfcii^ ^_yA 5^x ^_.ur, 

*• 

i ^'a t a t tJ 11 CjI drt.c q£l. L>ijLj ijys*iUjn£^\ IjLA ^jj.S jjuC Voj 4ji 

^\ CjjI 4_uLcrt-^ CJ^LcL^ CJJJUSCJ iJjL-u JJJWjJ 4_X-5tJjJ.I ^jJxJl ClxjLfc-J-tJjj 

^Us CjLq-lS ij ♦ijjJxJl 4 -h^lj >JLi ^jA.at-x,a.SV 1 CjL.j rtS ^jjaju 
^ «* 

xlijJLv ^1 iL^lL tCjjl ^JulII JjL-uJI jjU,^ I^y£. 4_rtJwljJl SjjIajJI SjLj 


VqDI ^93 qI oSjou Ja 


A 


"^3 -Cy ^T ‘ “^tt-^ il 4-^Li.^4_i^l cHi^'Lc.l^*<11 

** 

5^1 «juk ^_5 jl^ (t^^l) tP^JjJI 

g, a"! JL*j (Ih^ ^ ^ ^^ (~< <V lit 

✓ 

4 ^ I ~ il l tij aj C’’^^ ".XVl ^ I aj .SL_i_»AJ CrKtH* 

•% ^ 

L^\ 6^ 6^^ (JT^ ^ O^ Ur^J :4.JX^-L:i> 1J 

^ *• 

li? -^3^3 UJ-> (i>LLajl 

«• 

Jl 4.^ ^! 

4_4j^^I CjLi^jJLl Qji Cjl^^.La^ t ■■A<» ^ 4^L:^I ^LuJI 

4 a < ^ ill 3JL^ ^JS 4^j^ ^-^^3 3 t4 j 

«« «• 

(jijsl ^1 5 jIj)JI (>a J j ‘ 'i 'v,i >-J-Sl 5jl^ i4_)^l 3j_fl Jj-^>I.l jL-iJI 
«• «* 

4l^L>Ji 4jijJl]t ^1 j-aI JuJutii 4jjl c^jL%1j ^Lul 

<cj1. I qja ^ ^L-oLlII ^ If^ mi SLj-^JJ 

hydrogen dr^jj^A j^li ,aj <»<! cr^ LoUj 

juLll SjUI ^ jUTi juuuS] ^Ij 3^^^! i ^ 4 j iperoxide 

«* 

^ 3^ i4-^UL!l 5^ <^n ^ j,L\ ^*iti ^ t*i >tXi ^L^lsJI * 16 

lIILlj^ C^L_^ •BjJll olxjt (jy£.\—^ _ifu^i dal—^fuJLjl ^ JJ _^ 

*« •« 

4 < (irt*> 3-^' * -^W Ct^ ((^ iirtu^ I <!)) C^l£^ L^l JuM^ A 

«* 

cj^'L-c.I-^.’ ill ^latl x"r< Mii ^ ^ tiiUjilj SjJll dijj ->> (^jill 

L^f J^p.\ 4,^ - jlli ^ 6 V ^"^^3^3-^ CljLiLi-c, ^ J 4 j^vf i 

♦ ^ >.^,*i,l! 4 _uL%j'^ 1 3jLt!u'^i (.ilij _ o.sbIul 

L^.juilLlj ^j^LpJVl t ^jx. IjLq 

** «• 

4-^^^jiJL 4 J 0 I «II t i tJl«-<;-g-L^ tJjlj-L^ (^t 4j;.^aJl dJufc ^ SLj Mi\ 

JL^ ij rt ^11 (^J) '^tl i—^iLtJl 4_-*_.*iaIl oljj CxjL^ 3 ! 


udJj l^jua * A Jji^ JL^J diJLtbj ^tLH L>^ ^0^ C^stj-usl 

c^M ^!l ^4.j^,:^ ^1 4i^.ij>-xi3 L^.i5>[J 2»jLt!ul L^llA 

^1 jLj>^ ct^I u^* ^ 

iS 3 -^ ^Jl^ i4 ji^.J9bJ 11 I i V j t j H p ^3 ^ a jj_LLL> 

ot^^l (^JL>>| 4 jv^J 3 iOlil.Ljui Cj^iIj dJLl ia i I it ^ ^ d * '* * 

•* 

r 0 . i^Qji 5^1 ^3 .( 4 i^ 4 ^ 3 ^ \r) r • • 













51 ^ ^ 


^^1 I jli Vfl ^ ^jlol rt V ) V .(4j^J_l4 <L>.JJ \ A * ^ 

^1 CxL>.J Jt 4^ (jr^l 5^LiJl ^j^jacJiJLs 

^1 I ^ ^4J Ct^ > • CjLuL^ -^J^J ^ J j ^ » < » «> d j»^ •*.11 

4_^jJ V 0 c i i i A lj i4_^jJ T * • ^1 Jjuaj ^^3-111 5jl j —>J1 4_^jJ ^ 

»• 

* 4_^^ CjLjAjqX. » rt ) <ilJJL>- JL^ 4j^jjJLi 4ji^JlJI 

dLj^ CjIjL^I (ilJ^AJiJI L^jLfftTtJi C«.,q..,o-c^ 


t-tM ^. 1 A ”11 i 4 !^ t ~t r> . > d ^ cdJjJj iLiUjJ 

i »^ ^ ij'^\ <—d^ idLi^l *-^ 1 ^ (j^ i () ^jyi£: LiUj (JSo ^1 4-uLi.AaSUl 

i^sj ^Ul S 5 jl£J^ djjjuaj <Lu^^j a (1>^ LibtJ I jLlli.1 

tLiU j cj jl^I jl^ \ ^^'\ oL^LiiJj^l ^1 i d 7* ^ ^ 1 juk Sb^jL-i^ ^j£!jLaJl c^jL^ 
:(JlJ_ijj 1 ^ii^dj Lr^ J << ^ (jP>* <=Lj1 iij 

J ALH 84001 (^^1 js^\ UjJifl 5l^ ciJLIa Cx^l^ Ja 

I ^ 

< /JTJ ^ ^3^3 U^ 

%« ^ 

i \ ^^'^ ^..U... A< ^Lj-ttil (Pa I n d »m (_^Lst_uaJl j^JJLl ‘.(^ 5 -diIlj Schopf 
^ j>Lc.yi dijj ji ju^ {^jJl smoking gun ((([^jOJl j^juiw 

CjUL^ (Jjj 0 ^ ilj>UJl ob^ .SL^l 


ju^ - i ^ 1 l-C_.ii \ j L^^L3t->-! (j->L-ij *_d i4_j_>Jl cjLuLSJI ^j_d 4 JLaL^ q 
.♦.SjJpjJI Ijla Qja djLj^ {^4J1 ^c£JI jA Ld ♦ L^-^l cj^ ^Lui-djl ^P-c, ^1-p^ 

ob^^ Ly*] ijL4J-*i-d^ tlnr .))) 

^JpJlJl IjlA LJ >JL_dJi ^1 ^L-pJI (j^3 * ^ (j uLa ,4tL,AI 4 JLa L_d 1JA 

^]pLl iALH 84001 jj3e.j>JI cjU^^pUl cjLj^ edges laI^^ 

«* «* 

^p L>^ cjLLj>dl p 

pJjJI !jA (jl^ ^.lj-4-u tpJjJl IjA ^JL^ ^!n" <1^ p « jALpl ^j-d 

JjuiJlj JJpi 

^PpJl JPP? jJajji (p:. du-^Lpl ^ 

ii^LoJl Sbp^iJl Ldlj ^Jj LdJ JP^ PI ALH 84001 

SLijoAI dili CxjIl5» Lcjj *L^LP“^ ^ ljjL:^ C( t d 1 JAj .4_i^ CjLuL^ 

(P cl)Ljjp>Jj 4,.dL >JLi f IpVl ^jja Sjj_:wpl CjLj-d-^i (J^ b ^ CxaLa J ^ 


?oDl ^>oJi Ijlc ^9J qSjbu Ja 


<^\juuiJLUi^ ^_ y . iT t 5S Lli 4 JVI 

(1)^ *-^j ^ cjljLijl 

c>A 9 - <>i r »I r i •< ^ ^ 

Lr^ 4-,j«^l CjLLjI^I t^j^jj-SLIl (_yl£- 4-JJ-^l 

^ *• 

3i 1 j • jtij i ^ ^ -j^i ISLp^jLuI SjLa Cr^J 

4j^-uaAJI “ 4,i4*i oLljO^ Ct^ 

^ •• 

^1 oiij ji . 44 ^ 5 ^ ai- .-.^-^ 1 ^1 oUSKJI Ji^ a ^ ,v, Uj > 

«* 

4j^juxC CjLo^^^ Cr^ ^J-<ai-i!l u-d^iLiJl ^jpo t.‘’-.U*S ... 

t^jjJLl ^U III ^_yLi 3L->» ojLuaJll ^jlJ-^1 «tt7p4 4j_3tjjJLl 

.oLpJI <ilij (jr^ ^ JLTfJ . 1^1 

«• ' 

^lr*i < » I^jL^I Jq^ t A 4_^j.^tl,t ^LjjlII 4j i ;^JL)i La 

^Ljj ij) <4^ ^ rtl i i tl f^A ^ 4 j >!!—iji (~<t ,a y\ ^ 

JoL-tuuJI JLB ^!r> til , j ,<a,jdl u^LJtuJi ^1 i^-lSLL^I 

^Ji^l 4j^ (jij *4^L A‘‘ i. ^r V BjjuuaXt CjIji M >iU ^cj-a-j-Aj i^_y:xjJj_^l 

^ i^JSLLail 4 j CjL1x>J 11 4i»Lyu^ I ^ig CjU^c. ^^JL:. 

^ ✓ •• 

^Vj-A 03^ O^ ^ C a.U 4 t^L>JI 4™_*-_j_Jbijj * 1 Slt^ a SLj—stiJ ^1 ^ ^ 

w» 

3dJ^ C^ a ll »1 rVi i^A JL^lj 4tii Jl3j »^‘iUV g frl^, > i^i 

o^ Levin 

3LpJt c-fll4^r<^i l^jL^ VLoIoh.! c->i^j<»in’<tl Ll] ^JLoj 4.jic:.£^ 

^^Luj CjjL-iil JL3 4djL-^_d i ^JtSLL^I 

^J] : 1 1 j-A cdlli (j-u^ ij] ij±H 6-^ ^Lg^ A t>\c ] C^ *^L»uj 

L^i J Ji Jjua^I ii^LjJl c^jL^eJlJI ^j^g 4j^..^ JSU 4^L^yi ^LuJl (jt 

.^jVl c.Lj^! a^L^I o^LlUUI ^ 

«* •« «» 

Jlid lLUj ^giij rJac! SroL?^ o^ S 

cj^IjI^ ^jj ^ 3 jl 1 ((L-Liilj)) ^si 1 -^ti 

s^LgliJI (j^ i4.-LJAu^l 4^1...^ 11 4 > “v 3jLg V (Bjui^JLo 4_<_^ • ujIjUjl^Ij 

JiLg ^JjL>v» <(L^Lj)) (j! V| ^ LT^ (JjloJL tj_gu!iu^t 

Jjtij ij] wLoiIj)) jrtJUJ LiUL ‘JIJj-w (2)^ tVi^l ^loj pLdi^l ijoJl tiilli 

OJW Lhi'^^ lLILIjI (ji3 t^JL>. {^\ • ^J-iL VI ^L-oJIaVI I JlA ^ ^liUj 


Igic oLp Q£ t.*nuj| 


3j,-fciU oLVjJi j! ^ l^liii^l 

f^>-^ ^ ^ 3a.-^-a^ alien corpses 

t.^<^u!i 4_ii.4X. j_yi3 4_uLaEjyi ^LuJi jj.>i <;K iJjL:t./u « L_ulj» 

ijy^ i^jJiJusu-LM ^jl^Iil ^jjb ojI^^ 3L^ 

• JJliJlsJI 4a^Vl 


•* * 


^?fei4» igi\ £UKil 

^ J ^ ^J5Cjl^ (j^Ii^LixaJI u j <uil ^ ^ ^V'\ ^Lc JUu 

.^J^l ^Lxj-u (jylc- SLj->- C.«-.:c- j l 1J itibljJLJ^ ^1 ^ill ^jyjs <Zu-U <3j.a.ri <0 

(jl ^U ^ »4.j <^ji 5^1 3l j/vll (jjC. <■!•<> ill 4, jlA C. ^j *s ^LLail tUn m 

Sj-_jJLjud <—)Lij c. 1 11 ^j ^ ^JSuLAII (jl ^j.4l<u <;1 —oIaJI 

^Ij 4-j;j^^«dJi ^^^loLlXl 4—ptia-t, j\ a 3.ut t 

^L<aj jlr. ^Ij (lLILLa 3Li.>Jt JuuJLail Jl^ 4ijLL^i i>l^t 

4 3 i3%. c-4j 3 I Cj_>iJ j-iiaJl jl 4_uia^l ^g^JI ^1 Jjjuajll 

3Lt_>> VI 4 1 j>- i ^ ,<-a^uilt ^LLaJLlI - ^JjJll ^1 (jr^J 1 1 ^ 

i4_j_;uaLI,l ^jj^^_iiu-*Jl Cjjj^j.t-uJl ^oiajl Jl^ _ 4—jir. 

>C<j4 4ji 


^ c^di JL9^ ^^‘\ ^Lc jjLuail o>^y' ^ dJJj ^ 

1)114 CjJl:wj 3Lt>Jl a'jJt Cul^ jJ i3LpJlj all i(^^) 

(JJjij ^‘4-4 j ^ ALH 84001 ^_y^^—jlJI ^^—56—>di (j^ Lr^J ♦ ij-c-Lt-uJ t 

IjLA ^1 VJ {I 3llrL4 lLUj Ja3j ij\ 4_*-4dU^ U3^ cP 

jL^V ^Lt j.a 4_^_t^ Cj^f ^jl 3J1 jj:?t.j>Jl 

4^L:>^ LaLx^ rt ILj ^4juaj (jL^ - Lj-ALIo _ (jl jL^-IaL <dLIlj <44JJL 4 

CjIj^—^ _ 3jLI,l ^ i x^\ ‘(_y^jVl 3^ \ Ij i4j|j t jL-j—jL—d 1 


'*** ^ 14 L<.uj^4 CjLu- 4J^ (Jjua^ \ cjL4^Li^ jj>ii 

4.j} AJ 4 JL>>j ^^,x, 4 ^1 l)Vt LLISL 4 JJ * 3 JuJl:^! daLaj)! t.,4-it ^4-^1 * ^L.**t t »! 

.^^ij-4il ^L:^lj 3jjLdl (J^ i till ^1 3^ j,<^4 







4 a It. "t 11 t~« t-s t A 


4^1 ^ ^Ul <Ixlu«j U^ ALH 84001 

$J>J) »II-J ij) <>i ^ ^jJl (.ilUj I 4_J- CuJJLj 

^cJta^ Lr^ 3l .j iJ'tTc ill 

i f- I-U^I c JLA I )Lt 111^^11 ^ < <>r^ 1^ . ^ ii'>- VI 


L,*^" * ^ ^ ((LluiLj)) CxjL^ 

»4jJLj 4 .t.j r i II Ij t iijj i^JlJ 
^l—:^V1 ^^iisxIL-tiij ^ 5 M At! CjI -i. 

jl.^:l^l 4 ^>..iii 2 L_t-^L^Vi 4 n_«Vi 


^ c. 


i ^ ■»1(^ i H ^ ^ ^ ^ ^ j 

4^^^^-jua->Jl Ij^ LjjjLaj)! t <a JU^ ^1 1 ^ • . ..j t 4 

1 ^ j 4 cJl^^ 4Jij^ l^H c^ _ c iI ^tj 

»• •• 

LlisLiu^JuajI 


uLuiaL.,.aJI CL 


I .a 


U&f jl&Ulri 


(j-o ^ M l (3 jL<-uJ 1 tLi^'l-aJI 

2>-^ o-« 3 jL ^ ~ M .>U ciUjj 

jj>Xi (j^ up c-al4U<^Vi 

«% 

^-aU iIa •^ \ <^.!1 ^juk J>LJ^ 



S i Ijlr i -<J*.j jJ-A ^ 1 s » 
..‘joUi J*. ^JLmi 


^jaJI SLp ^ itduJI 


cjlj'ifjjJb i^LLaJl tiJ!vU^JL-culj cjijLtJLI 

VA ‘ L-sl I JLA . 141 ^ A\ | t| 5 .:; . ^ 

' ^ 

* ^<14 iiHiJi ^1 4 I <>»;! lj 4 «.1 A) 1 6 * CT^l ‘L^JJ 

Ij ((iil)) (J.5^ JJ^ (jr^ cilJj cL»JL.5fe^ 

4^ ^ Uiij (^jJl 4 <» 1 Co^jJl i^t>4 AJl 4Lftl^ 4i:>*J ^ i ^ i -J 

^ /A^ V 4^^j ^ c£]j^ ^aJI . ^1 

i (jL^ jJ 4jl (jUbj .dji JUa ^^^ 4 ^ ^ 1 ^ 4-C, 


4_i-fl»j^ jJl4-uj {j]j& CjL^jJLI djufc I alignment 

((^^^-IaJ^I diJL-dLj» ^Ld <^ i t jLl^ •^^juL.Lxit 4 * L x-u^ J -<' j ^ ^ 4 ^ ti i^i A 

^LaJI 4j1jlj^ ^ ^^A f-i 1^ /i il . i'ti\ ^^^£uLi-u 4l>>^ LsV 4_itt *<tl 

4^Liia^ 4 <j A . >. ^LL)^ pjn i^**it i ^ ^ ^ (( Liu/Ij)) L-o^Luaj^ t ^ ^^^ 

.3jjjl^ (Jju^Lj 4ju3^^^I aJJb (Jjt 


IJUXJ 


I ^ Jlj^Ulil 4 <>» .Ati ^ A . M tt ^j ^ "w t-i ^ ^ Jl^J 

4_i^jVi ^ U^l cAi-ojj 4,,, ^ , j . : t.Jjl (jLajVI 

•• ^ 

CjLjlSLoj C—)!^4jl]t Cj^I^jJI ^ icdJillLl 4 ^ J“nj 

(^c. cjLa^IaJLI i^jja ju^L tjL^ c« <^0 4^ I ^ i3Li.^l ,yc. >1! 


4 g ^ ,/a ^JjVjlj LiJa^l Cj^I.^^ 1 dJUb ljjj[^JLi^ L.4^ - l£ 1^*** ^^ 4.^e^Lj^ 

(.illlLaj f^^jl\^ 4^1 t'iTx^ 4,<j^ t il ^Lt-ujl c 4 4j * . >-^ 11 ^ ij joTj 

*^Ludt O JL X j (jj icdLl^ 5li~<^ lU 4jLi^ 4jua^^ 
^L:^! 4 ^ ^^V ^Lc ajI^ o>U.4..U2 >.1 U ^J\ 

Cj^-^ < < <1 ^ n Li&JLiAjU 4 o ^ a LiJ^*i*< < It 4.J <a AI 


(^ )j^lUU yi jU| jii «UUi)) UU| bl*j 

^1 > 4.1 4 I • « /*> 1*1 g a ^£^1 ((LiduLj)) ^_pi>.j t 

t \ ^L}^i>. * 4t A C_dl JUbI 

' M «* 

c-S^LiJi ik Lj * \ Wy J i.a l i i.i ^ Lr^l 

^1 1 4Iri I .,i^t ^£jtj-ju3 *4 'll r.^^—m ^Uo^y ^£^ 4 !! 

a*j jj;J,l J^a- jl j^ tjJI 



^>gj| ,jjr»jlinTmi>ll 


^^ i ^ i_ijJ i (Ji^ .^j^l ■ ■■ 3^-^ 

dji^tia-j-oJ 4JaJ^^ L>^ 1 ^ 

• (jlajVl ^J . >. V ti l oLjI^I oJlA JLi-ojJ ^ 

*» ^ 

L>^^i>^ Ji:^^U^ « L-Ij)) J>atj 

(jr^J *Cj-*^lj^l t— m l ^.^Ij CnJ ^ L>^ SjL^lj 


C i 




t<(L^LduL))) 4jLjL!iJi 

(jl (3^-d i ^ WV ^«lr^I ii,^ 1 BjLLq-^ ^L>> ^j^JLl CjSju^^ i^loju 

5jLx:J_.^V oVjL^ai crl^j .^>jVlj^Ln>UI L^LuajI jL-a^ 

CaaJij JL^j . 1 rtlUa 4aj.Au^l olx^ ^_yC. JLuajVl 


(jijiXd cjIjXcu ^ji juu ij-ujLo 4 <js a n 4,ii.a.u..aJl I li a *4 ^jL>> 

t ^ rc-i-ul l.g ^ 0^ (jAZL^Lda^ ^**i A . ..t ! jLaoVI 

* «» 

(jl^J ^j_£^-JLduaJl g all ^gj^i Ct^ i(0 T 

4.j_iZajl Cj ila.,,:»„ ,4 (J!3~^ij 4-5 Lu!uI V ‘i.t^lj c^LuIuSllLAdul I ^ ^ a. i a>. 

ground controllers /gSLse-lJl g jlIa .4^aJcu-u ^_yic. landers 

*» «* ' 

ijA U-Sj/la (j-S J-fcJ (_yAj t \ 4-Li-loJLj JL-ajVI jL>uVl 

«* ** «• 

U_Lo .L^ ^LiJI ^J )J . 1 » < . l l Uai- <- < . .i -x . ^ JJ^ U ‘ jjjll 

Jukj ^ ^ ^ pi djl^Lixfi pLixf^l p—£ T (,2x^3^^ 


• CxjP jtox 

cj^L->.^ 1 xiil i 4 j ^ ^1 >.3^1 jPj d . ^.. itl^itt 

%» 

j-Ic J anguish j <.*Ii ^^jL-aa p^ ^ t .* ti 03^^ t4_^L.La.^l 

^1I -i u jlJI g.L.cajJ 1^ 4_» Juj jiJl ^a.j^l A 4-1^j g 

l>±3^ J>^ c?-^ ^- d ^ -U ^ 4 ^ g 

^jla J!Lo LgjfcLji^ ^l»a.> g (j-da3 i(^l jLa 4ji_gL>^ iOwen 

tjUaluVIj a a 4_> La ^jl» : cJljl jlZx^ iOLg^Xi 

cjjL^ (4^aL^ ^ CjLc.1^^^-Zl>. 1 1 ^ t* ' ^ 


jj) tn < \ \^ pJ^ **' (j-g 

L^j:wLu| lLujLua->J a^^ "w Vj ^_yJb ciJLlj * ^LukJ LajLjJILI ^gZb 

j 1<-u 1 i a . <^ i 5r \ ^ 01 * (j ^v M > (J a . fl j ^ ^j * ijj 

4.jfcj|^^l JLj>.| Lt^J t A. 1 <• A tiJjjLl - ^ V1 ^l^»iiJl 

a^ JUu .aia.L^ JaVl 4^ ^ r.gi^lL 





^jaJI 6l^ ^ 


ijjj 4jj-ilXi 4-AlXaJI j Iju tJoLi -w^la f.LSLJl 

‘ 1 > (Any galactic ghoul«J5U Jj^,, 

(>» 3 ^ .4-^L< ^ nt l (>a. .. . I t j»L^I (.,jejj 

Jg'. ^it l .« 1 “Wl i»Lc. 3_^jVl I « g TilU-!!- aj gJ.<jl rtti (^ry^jljJ.! 

itil*JJL.>Jl IjLA ^j_i_*j JU^JL IJ jiL^-LlII Jo^ieJLj LaJulC, 4jLj jL_SlLc.^i 

«« 

i ( ^ )(j^ J^ ^^ (JiIoLj-aIu 4 j Jl^Lj ^ 4 j I t Mill i^LstjuaJI ^jLa 

4 JiJLj Cj'^T t'^ ,j,_LSIl 11 j ^J m>,^\! 4 -a 

^ ^ 

^j-ojLw jLjuaj^l LjjL-tf_b jLJtJ)) : j-^Vl j^jL*< . . i ^ ^ * "M 

(^)JPL j*l_ a| 4_ij^-C a i t>> ^ Cl)jjL>. 4.,j ljla^ JI ('^)lj^ljL^l Cuj:«Ibl 

iLuj^_A^LS» 4 j^^ Lj1jjL_u.uLi 4_1jJ_x> rtill ^^JlII 

. L-j^tjSLU (( L-l^U)) 1 1 tjj3 4-uLiia-iIl (iiH jj*1^1 

L^lj t Jx-aJlj ^*1 JL^ 4l^jJi (jL) ^j-uLjlI1 4_c.j_4-:>e—a Ci-ftJuL^t 




iTCUjJii 4 A. t ^ **i A t~11 j 1 ,^ C.t.t H L7^ ^ ^ J ^ 

m ^ 

»((j^<v^l {(Ll-uU)) ^l£j jJjL^o 

«* 

jj li ^^Jl_>.I <ajl 4_:^j 4 I (1)43 ^ (jl Juuoj 

< i< (^jji 41jl Sir VI 4^1 jJll 4 ^jJLI I ^*1 in Sit I 

CjL-£iL_La_3 > (jLjfcjl ^^jLjb 1^5 t^LJiJJ —S-llI 

((^^rtt \ (3^j)) (J^ iFace on Mars 4::wjjl)) 4-4j.a>.j . 

«« 

ij^l t^i.i 4 La ^^>4 ^ x^H ;j:j-jaEL^l 4 _:v 3J1 tiJJj jt iMan in the Moon 
t4_fljJm JlSLjiVl ((L-a^, • "Jl» iSj —^l—4 JlJ( 5jjl^ cy-^ , v ^ 

^jjuaJl i^jjC 4^ij) t^i c. <.^r> 44^-;:wjJj 

•» 

uiLIiJl! 4^Lc j^jlo JoLdoil < 41 1 lU>JI (j-9 Jjl^ 

(>0 <^jj. ^J^.! ('^)i^lj^^jj3 jjl >d-i" 

(1)^1 t tj (1)-^ ^JjJa£, jJ^jJI (1)1 ^l)SL^i (1 )-^J *^IjL^jVI 4^^l 4 jjJ 

Ct^ 4 jL^.^. aJeajijILo « Li_ulj)) (1 )Lj 

^1^ jLi^u4J L^Lc 

i^^jj.u ojL^ (.y^^ IuJi c 1 1 > < »r> JL^B i^\ 

My'** 

iJlLa^^jiyo LlltJjL>Jl 41 uSLt <iUj| 

* ** ** 

I 4ijLsa_:>Jl! /*)1 JL^m ,*w>Q» V-45VI v^JuLt *3 jljJLC. Cjla-Ii-ttJ 




»> J iSjjumxM CiUpjJI 



^ ^—ISoLd ^^LldLwjJ ^e_J^t ^-I-> niT ^ Inrt *> iU SJl^\^j. glal 

» ^ (( \^ H IS^ ^ 


4_^ ^JjL>. ^jJl ^ OjI^ 4^Lju;xA]i uaJI ^J-ifli_a] 


j-L<» L.Lc oi>-^ JL^ oL^ ‘ALH 84001 <^>^1 



^c-x-Ij ^ Cx^jJl Ijl^ (3^ 4^Ljl 1J ^JL:^ > CijL^ ^ 

Luljvj t^jl a .^c-j^l ^jl\ (Jj_i-!:sjJl 4.^1 "gl 4 m a tu 

^1 i \ \0^ c) * LiJ^ jLaJI claj^ i A ^J-^ L/qL^ 

^_^-C.I_Ijud j 4a 4 (JjV j j 4^ 4,all ^L^>oVl 3^'^-^! O^ 5JL->-1j 4JL4-U (Jj—3 
%* «* 

4jj:wL^ja Bjj-juaj ^_^j_tju.j«a-4^i ^UaJLll t—flLui^^ILuul cliLlajI jL£i^^_pDjVl 

•* ' 

iLwj jMJol dll, j Mt cuTJ j ^Iju^ Cjl.j_(^Lailil 

^ ^ ^ i Luo ^ o *t,^ 11 < ^ < M >4 j i ^ ^L*J1 ;^^^JLuuI,l l-*£^j^ 

.((fL^IbVl fLjjL:^t oJJt cX4.'7 ij! 

t^l JL?^ J,?^-^ (>“ lHJ^ ‘' (>“ f'jJ* u! 

('^)jjLjjL^lj (jj/jLo Jaj 1 ^ 1 JLC.^1 I jj^l iJj->- OjUUI fjtjua 

t) \W j ‘ ' "J ^:LjLtfa-_4ll jJLuL-iiLj (j-ujl_« ^11-1 li ^-Ls-ljj 















^j oJI 


^La < t A <>.tJUi iJ pdTHChutC 4.tl?> <Q ^iXsejuuuJu-u^ 

i 4jC. i— loJI lJlI? ^Ixi LM Att 4Ju rt <n A 4jC.j^um 

Loj^ \ 0 L^Jjo 4 ^ 1 jjt inflate 

4— X.„ r,l ^tjVl ^ - lIsVIjj m i ^l.trv’ljVi 

✓ 

*1.^1 4,^1 ntl 4,xxfl <<Ji g.LU> >V 3^■:i"'^^ 3j»r<, 3J 1 retro-rockets 

V * ^ 33tl jjlSuaj jJLijLijlj ^jpujLo 4.^^.^ ^ju*Li^Vl ^JUb 

^JlAj .^jj.Aii 4 ^Jl 3JI (^ *) ^ uJl jL>.t 1 Jojo^lj \-Aj^ 


KJ i IM 


(^/uLLuo <(^') Ares Vallis 3 L<»,*«l.U 4..3LaaXI 

lander 4.j_udjVl atc^j) i ^ 1,1 l,.i.i <uj iln« h-li^ 

^<14 -i^lli 4^0 4 J 4 *C i ^ Xrt I"! 4 ^jJLJ Ji^l 4A>Vi 

«* ^ 

iji 4^^Vl (^j «4 j <M 4 tl ^l.LijLj (3'4 ju LbLM-> J^uLkuHi 

*« «» 

^j£L ((LjuiLj)) 4JL^J 4 !^. 

L 4 i^Lub tOao Vallis 4 31^.) 4 ajlaj ct^ 4 4\aI.^ a 

** «» 

4.jl3^>JI liUTi iSjLpJII ( 3 ^*-^ cul^ jIj 

y^\ 4 3U(4 C 3 ^ ^ 

^ju4jL 4 (La j^ j* m 4 4^1^ La ^ 

^ Y * ^ * 43Lt-ul—J-S ellipse ^JLxS La ^jlSLa jjujLjjLj 

♦ 4 rtlr> <11 ^JJb 

«* 

1 A ^^-2j 4L^ 4-iz>L9dt (ju^Lt-^V jjujLdjL (j^jLa 

a upright 4^Lua^l 4 u3 mil Ctai-Tuj 3^^»,jiA]t 

C^J »oVl 4/alVl iUL^tjjbj A^ilajdl L^tjuJl 4^ljjf 


4j»j,>La]| jlallll ^lal BjjjJLl ^^.jL^'ttl oVj jJLbLuL (j^jLa 

>l .vsjVl otjuua Luajt ^Jj^LJULiH Lo^ tLbtjj jj^- <<^11 4^1a.‘LLI 

jjb 4l£ udJj ^>0 .(j 41.3La.!I 4JL>. fj\£. a liJ meteorological equipment 

ji 

- 4 ^^^J!i 5 CJI LajbjLj^? tJUM tramps Lh lum ^jluL^jL (_^^Lo 

. jJou-u J-uJL <_p»jVl J^jJl ^ij Jjt (jjbj 

tjCtJil I rover w^ t Ld» * ^ j . ^ < <**> ^ ,.\ dl> lj_p (j;j-iSLll cjLg.j[^-iUll ^j! ^^Iaj 

L Aiy\\j \ 4 4 jjid ^ jJLuLajL ^jjujLja 4^L^ua.3JI 4.L* a xutl aIo^-^sj 

oljLuijJI ^iLoJ LhJ^ ^ ^ >Ai *U!;}-«-^ 4x.Ld3jlj tjaJLdJt 




^ j ^ Inl (Dao Vailis jb a an SUa ^a2 ^ jl^I 

^^AJLIaJ C^jLjS Qt ^JLdLJ CT^l^ i«^aSLjLd)i 4 1 aH DiJL^^LmJ 

CibMjJ CcdJL^ ijrxluJt ^Ldl ^^LLJ CulS 14^ CT^Ii 

(^ ^) Sinters ^iLjLLlJt 









^>oJI SLp ijc uUaJI 



j^ jiJJuL^Lj jj^Lj« A^ti/\irH A 4 j,^ mJt f^j£, ^1 *< rtl i^l 

4^Lxi^AJI 4 * 4 ^ nt!t i-Ad^ ^^I^>W4JJ . wla^,t ^ 11 SapJki<^ rt (jM J-<^ cy^< j-* cocoon 

^*4AJ ^ ^j^VI 4 Ljt 41 Tt A** 4 4 tii]\ 4 rtiilj 4J ^ntl 


♦ Ajp^roiMiTt Cj{^^ 4 ^pctnls 













^r<LlJU2LLuUL«JI ClUbjJI 


(Jj- * . ( ' ^) ^Lua-/0 t ^ SjLj tM jJjua-S) 4 rtKT) 

((jJljj^l)) 4^,.^<.uJ SjLcV ^ ) Y 1 A<. j ^ ^ Cj-aJlSj ((L<-olj)) 

iS. Truth cliflivj L Av .Siniourner %-l ^ ft Q i 


■S. Truth ^ tSojourner j-j>-L_J 

La Sj-la ^ u,\ evangelist 4 .^LLi^j^l Sj. 

1 i Lajljj-u aJaf Cj jJJ 4-^Vl CJ 

»• •• 

A/ A i >> 4 C^-J I Juuj . \AYY ^L»J 1 frLiJl 

iZj^\l jLa^ 4 _ 2 ;j;iaj 

iC^L.%_uVl3 ‘■‘^‘ J3 **^h ^ *-^3 1 • tt ^ t 1 ^ < > < I I I 

♦ 1 ^.1 4 ^ 4 j^ 1 jJLI olj-CjJJli 4 .judL ^3 

jJLjjL^Ij (JujjLo <>> Att a < j A i..t ^ 3 ^ (J^ 

Aajj * U-ai Jlj-^1 ^3-Sj oW Ct^ L-^^-AOli 

^<,<i4j> 3 -)j 3 -:^ 3 .^ ^3 ^ j «■« ol ^ j IjL-i^^^LljuI^ iciUj 

(^ ^) djjjf^lj ^*30 (3u L^ Jlji_ u I Lt^I *‘ S'^ ^ lr*> < *iJ 

41 < ii3 14 I i ^ fl 1 i, ti.» 4 _jiSLa-> V 03 j 1^ 33, V </*> 3J33;:^3^ ^3 3^^ * a^jVi 4 i«ai 

• i>« Jj4i 

4 jl>JLj 33Jt-uaJi ^1 jJ3_a-d3Jl 3 ^ 3J33-:^3 _lju 4 4 ^ ^ CajL^ 

*» «* 

(j^J i4-j_juD3Vl aU-^i 1 1 ^ " "it 33—t-aJl 3-« 3JLX.I3 L^l ,V 3 1 tj 

3J3—L<!aj 4 JT jJl3_J^l jJ.4_5tJ idUli % J In**! t rij ^jy ^3 * 1 ^ A.i..5>3J J J.,l •>■ ~1 ^3!— ftr . A 

** 

(J.4-AJ 3 I* cdJjL^ ASL 33 ' 33 ^^ <>^11 3 J 3<>^*‘<1 3»13^ 11 4.^Lc. 33jLjux4 
<:l 3 jwV 4 jl< 33-3J1 3i-i-u33Vl (j\_i:>N 3 J 3 jj^ 1 ^cJu^a-tyg Lea ^33 <^^11 aJub 3 ^ ^^13-41/ 

43LjuoVIj3 . LA 33 J 4.j^3_5lJL( ajj 31 ^ a 3 ^ ^U < ><S?I i^ji^ ^ 3 ^^ 3 ^-^ 

c^l Spike 13 ^ l 3 Le^ (jllaj 3 ! Ji 3 ^ 6 ^-^ 

Ljjl^ ispectrometer ^ ^i^UU I ...U J-4^ Le^ li^yuus 3I,33V t^]\ 

- 33 -^ ^jub c_a^ 3 j 4 ^Ll^I CJL 03 U A\ 

(JlLaj 3JLijLjajLj 3^3!-^ (jL^ 133^3^^^ ^1^3!:^ 4-^1 3 ll 4 m 3 1 tilt \ 43 

3JLI 3 >->‘ J ^l£ 3 Ji 3 jJL^ jLjl^ 4_4£L%-) i(( l_tduLj» ^ 1-^3 I JUJL-ZK 13 -^ 11 .^ JZ. 

•* 

Ijla 31J LjL_j_>l 33J3 Lj5j 33 ia^^*iU 3!-^^ .((^Jaia_ 3 ^i i^3-<j<^l 431^^3^!)) tGoldin 

3 \-ul (^1 j[jui^^ ^J-jj^jlI! 3 _cJlj iCjl 3 Lj.<-aJI (3^ 4 i <3i3^ 411^^3 t 3 L*-t^i 

^ ** 

iIjL*JLi3 i30_uLua-aJI ^J ^,'\u 3 4 <t! i 3 ^ 1-4 a 31^1 CxjL^ ,^ 4 j^LjJ 1 3ja4jL^ 1 tlLL 3-^ 













r - ^ 


^jaJI ^ 6tp ^ iIiaaJI 

^^1 4-j-^Ij qC, LpJ oVjul^ Jflj 

4-4^ 4jaxiil^ Joj-^ U J t Ir - ij\£ ^Ij 

•% 

j X t ^ A j f i ^ A C 4 U- >> U^ 44_uljjfc fjM[^]j 4 l l a 4 1 

^_^jUa 2LjjLiia_Ajl 4_a-£^l rxi-Iu ^jt ((Li^lj)) J^tij 

^jjo 4^4 ^ » Ju^ V a U >J1 L3^'Ljkll jjl ^JLIjL^ijIlj 

^^1 4^L ^li ^j,ii-l<i,>Ji Jo j) 4 Vj ^Lf. ^ 

JLujjJ t Lul ^jl JLj-Lw 4 JLuLuJI < JaJLLj .4^L:>oji 

.^ 4^Cli 7Uj-li (J.^ Clijlj ji JLA j.4<44i 4..<^jr>Lajjt oljjt 



4^LLaJLi Lb4j^ '4^t .^. ^ .* Lt^L^o ^ fr^jULtlJuU 4j ,*4 4Tt 4.4j n ni\l o\ 

ilitJ-jkll aj j> t.j j4j) j.<—»SLH < wxAilUt ^ j i rtU ^J1 

jn^ i jj-44 LyX^ ij-a<L5JI 44^^! uf L i tii’ tH 

.4 L^lc t4jL>J iyA frLuail ^tJAU/ ^j ^Ju3JI 





aLaajUuaJI 


^Ju^j (2)^ i(^^) ^ujJLl i4^Vj d I . ..^ tl 4—uLua-iail 4 m a < <iU t ixa 

\j\ iu^ L^ A T\ ^ t ) ^^V ^LfcJi J>-^ Cr^l 

4 _aLLbyijj • jj>ii (^1 landers ^ ilojt 

(jf^l «(j^j-lie_4» 4jjljdi ^ M ^Jl>-^^ O^ JL^-^ tcdJj 

tdjLjjLuil 4_c.j-i-uj jcJLxcJI jjLniiaj probes OljL^ & ^3e netrators 

t3-4X. 4- i I 4^.j^^l ^1^ "i,,^) ^ t4-AjL-ua]| Slldj 

1^ 1 }^ < >„* 1 iijjJiaJLl Sjj intlj ^JLa^■■IL■^ll 4ji j—A jJj .j!k|jL-^f ^ 


♦ 4. L J 4 cltLjud^ I^JJA i3 ^ ^ If" JjJLi CjL-iguL^ f 

Tc Ia.4„<JI ^ jL-jl^j^O CjI JLft-Aj CjVT i'tx i*t ” < 1 L^L^j 



^IjJLl ^jub * 4-^ aI 42g>| cjUL^ clcjJ ciLJj)^ j—4 L...^ ^ 

Jajj^lt 4JLaIt>JLi 

«^*\ ^^jjJLl)) c-uoJlLxjI Ii ^ *4jj j Ml c 

^_yA 6j, J ^Vi 4 I ^jJll <^l 4Ai-vljL^ (''^) ^_yJ^SLJl J^^SLjL a 

M *« 

cla,j>tXi 4 ^Lux^I 4 ijrt i <JI icdJjJ 4 '»j***>J »(Jl >.r<.LuVI ^Jyj^ ^jjLu^t 

Y * * 1 AKI C^frli 4^1 .jU 9 /a ^jl^i 

*» 

»1 4.UJi i^A JuJmJI 3 jijJLC oIjJlluJ ^ < ui . V^'v 4\^> Lr^J 

•• 

V »l 1^ ,rttl 0^3 * Ijdj Ct^ (Ji 

OjL^ (((I _ujLj)) 4_ ll-^j (^jd L^^L-iJL^ (^t i^jja a 

«* 

JL-j^^ (>9 J-^ L^j!yL.p_« ^ Ijjj J2jt M ^jjJ.1 cjI 

4_uaL9- ^ J i»il i.i -v I ^ . o j-j (jlSj .j J h i d ’l L o-jU J 

*^Lil ilxa->JLl CjIjljJLI dJ_A JlSj3j CjVT ^Ltxj 

L-a| <r<i t m»4 ^ - d t 4j d.i^ rtlj ^ A«,i,dI 4 ^jLaJ ^JUJL>. 4 a1 ^ 4JCL^4 

•» 

(jJl L^ii5 l4* 

^Lua-iil j— cIajLS^ .lJLIA 

4ji^,a 4 jwIj j Mt j^jdl^ ijJjL-dJlj ^ Sjij) u^ > 4Jlj^^ 4_^jdlj 

t(JL>. if I A.Ull Cr^ c. (jSd *4^lLuaA]| 4J)Lil^^ 

%* 

tl^j *ittl 4 r< i4 j > 1 < <jH 4 J **dtl 4 JuA ^ IjdjL-isej 

•• •* 

« 4jl.tia‘ii < nil ^c^l^LyJd 




^joJI ipifi SLp Qt «-jcuJ| 


^Lc. Cu-SJJLajI ^j-A-t-u ^ 1 ^.Lioijj^ ^ca—<»-juaj ^ . t A <* 

* ALH 84001 ^ i» i>Jlj 4 a!«■ *m jLa^VI ^ ■ a * ^ 

«* ^ 

^Lit dxLiaij ^1 a_aLJI a ^ -^ . x t 

4j-i_u-Oj Cj^aJuia i^\ la&Ju^ 4-l:>»>^^l ^JjlaJLj Cl*la.5tJi t ^ 

«* ^ 

i.fiXl tI ^ A t cHxjL^ b.L A. ^ i«JeA_>tJl ^^4 u- clv^_9 * ^ ^ 

4j^ j Laa^Vj Lljg^a SjL^ (JaaJL I >.Xa^ 4 _a-Ajuxa <-u 

* ^^^^.uSLlaJJ L^t I i 

5 lj! j-Aj 4 Mars Surveyor «L-olj)) .UU4.n 

a j j ^ jOJjLajIj u^jLaj jj-^j- 4^ u-^ L^5 U-^ 

*« M 

4-^ljUo a-juSij^ ^ ,i^^.< <) ^-I^LaJI (Ja-Aj , ^ 

L^JL- tju^l_^ ci)ljla x!l ^_Jaa y -cuj L)^ t—4 —lxiI^jlI orbitcr 

lander 4 4laat-Aj x^jVl 

A » i. *?> 4(JL>- (^I ^tJsa-4_u 3^.xjLjuo 4,->.l—4 uX 

JL 4 .j 4 L:^ ><Xi^ 4^ijLi) 4 l i L>~^ Li”-^ ^j. a 4 , .tu? (^JL^uL-aJI 

» 4_-Li^l aJL-A ^-aiaj . jt-£pLi ^1 4_ \jurya La Cj^'LsN.ja 

t la 4■«,*> 4AJ[£[aJi 4juA..A..^iaJLi Oelta 11 T LaJj lt* ^IjlifeuLiuil 

4—a-alojVI 4-_La->iJLi u3JL^ Jji^,.ivj JLa t L—uaal ^JSLjL-aJI ^j-u—SLajj 
4 jk .^,3 <jr^ 4-^jLib ^J-J L a T u (J>-a t^c-a^jA-U 4 (Jj), ^ <.idl 

a_ .-wl. I C.<a ,—^ 4 4 -jJ^i 4,a- JAaJI 4—a- Jati 4_^La»> Cy-^ 4. 

(J^j3 ^ a 1 aI #^**41 L^Laa^ c-Aa^»^*S Cuaa%a 4 4aljL«a 4_j^^J]iJi 4a-uojVi 

Lr^l 

J-JIjlj ^ ^^A aLjC- Lr^ ^ ^a A ) ((3jL_ala)) ^J'^ — 

a _jjl .All a 4 j A £i.ti ^^l__^ia ^Laia-Ali 4_^LaL^I 4JL^^i 4 \^^^ 

(Jj).."v ^jjLaJ (.Zt^^juo **<J 1^ xC^^) ((Planet-B c^<» 

^.1 > l{?>.x — <xaJ ^ ^Jl 4 - -C. ^ —C. cZjj - A^lit H A ■J.-a^^JL^ 

4 ^ I UU 1 uil L A. ,A t 1 .A ■ ">t" <(ua 4.,.fc^aSL]l )) Cj iL^ 4 u3J La- A 3 



« « 


JalagSLl 4>i,ii<i^A**^ CaLa^La^ ^1 w >.V 3 


Uic 









ftijliSlmAll CiUL?^! 


i, 

) 


^ bus 

I I QLs* ^ l'«u 



1 cdLuSi I jj I a Jj—^ jl JlII Jj_jjJI (ji—^ 

•• •» 

i;^jL»_JI Ijla jL^tj (j^3 JuL« 5Li.>Jt c^.uj iALH 84001 

^ Li^ i3Li_j>Jj (jr^ Jj J^t-j Li^ Ijj 

jj-^-LoU CjLujL^ jJ-L<o Lt^ ‘ ^ <Jj^ i^\ 

CjI j I "t "> <. l .I 1^ rt" (J^ i*Iij L^j-i-oijj ^TuJ 11 ^ < 4 4 j fl j ^ u->Lu r Jj 

M 4 M r 

4fljJ-jjt-oLilJ 1 Liilj ALH 84001 jL:fc_>Jl ^J-Jl^o ♦4 _j-judj'^| 

t JLiteJu-uL 11 ^ j">0 »\ glt-U U O)^^-lj-:>« 4 1 3j3jJL! 

^\ i4jLuIuJli 4 j^V 1 4li <,i/Ali jIjlx.^! ^1 rvl ^Ir 3^jL^ oIjul^ 
» 4^^ 1 i CjVU^Ij j^.^1 4ji-uI V~ <iuIj 3 J„3> a 4 ^Ll4^ ^J^Il>o 

L^ *^433 iiJ-l3 JjjO t4^jjLajjj^! Cj 4.U 3^JJLl CjIjL^VI Ct^J 
3ji« i^XI <._,ajj^LcVI ajL^ CjJL>>I 4ji JL.>o JL^ 4-Luaj^l 42 a^JLI 

(Joi^o LjJijI t ji <4j^j^‘vi 3 Lj_>J IjL^ j1 ^■la..t.t) JL><J ^ 

Li^ LUSli » L^j_sjLjlj«j ijlj ~jjj ij^LSLa Jl-j-ajJ LaIj edJj (JlL/O (JjjLoLflj 

^ «* 

<—3j-jl1I1j Ajl-scjj^ 3^^-5t_t^ ) T 4.jlo^^^I Lil Cl 

^tf-Uiduti i.lfa,t>1 >V LjJI 111^1 4—dl^L) Cc^ jL^-i^ ^ ^ rtic <i 

4_j^^^_uJl jL:56_>-VI Jlj^I ^^1 4_^L<Ja_^l 

I u 4jQjJL^ 4^1 o"i 1 4A ^ *4 iyuuij>^ ^1 ^ i4 j 

V j 2 ^£^1 iu^ ji4' 

u-<^lj^l ^1 1— ^JL-uj-J (jP-11 CjIj — *JLI ^1 ji, rt I >fVI ^_>o (j^ 1 i X /qjj 

L^^-judj Ju£. Ijljx 4 ^ji.l 4 ^1 <4-^1 4 A.a]| I <13 <ti (J.jiA 4l Lr^ 

4 JL 0 J ^ > ^V1 ^ H I In 3 4 ^ c1j 3'L->>^^I ^JL^ ^ji ^ 

4.jt_x_ujiJL)^ 3 juJlc. Cj < t ii ^1 ^1 t** 1 M 11 d I i.. < tL 1 ^ 


^-i-acj 4-^1 jA rtli ^j-3u-oJl jj!b 4 j j-A^\ i iSj Lr^l 

1 jLb * L^^^LLdJ 4_^j LajI I ~ -vI ^ iLAjUjj t L^—L-iOit,! < ^ ^ ^ ^ ty^ \ 


ju£\ JlLa i^'L^sJu 4^1 <ArtH 4jLj 3<U.H jA3j 3jL^lj» CxstH^l 

.(^Jj>.j 3^^ ((3j^LLll» <>JL4 4.LHI <1 Lj (_y^ 4^2 ^'ClL_U 


Sljp ^ 


<^Llul!I aJJt (^1 j ^ c-xLv llitialLu/l ljUs 4.j^ij ^jjoj 

c^Lxji! ^LjoIaJI ^ lU* ... 1 14ISia (^)jJI (jjij . ii^U^ ^j_^l ^ d j l>^ 

CjLq^LlIIj (3^a!!u i ^J A i^l JL^ CjLL^I dJJb Ctifte i,«^! t L^IUuljjJ SjLJ. V."^ 

JL^J JL!!Uj ALH 84001 ^ 0® 1 

•• ^ 

J ^ i h ! 4,.qe j.,*i) (juijJj t2L£jL_LaIt jjlajVl ^j t4, rt ^ rt ><JI 

Ijl^ jLjfeL^Vl Tr.rt,! ^»^LjL nJil fLoIxll jJi^L^j *(^j_uU 

i.7^^ CjIx^I ^1 ^ 4^Lju9] CjIjIlL^I (.^^^.jCiilj 

•* 

tjLv (^1 (^yicj .4-QjJLdJI jjJcjuail ^jjQ SjjJux <^Laj)l > 4 iTniil t JjudiL 

^ JoLuilil jj* ^ « c»l^ttiij «4 j.l4^ dj^^jL^)) ALH 84001 I 

' *• «* 

u! CT^ (4 jjLUI) j^itjuaJI <LiAj La congealed 


4^11 ^Jjuiilj AJltdutjJ 4-jjL^fl!i ^!l ^L^JLc La 

«* 

LT^i ^m Ci->J fjj^ CjL^jJJI C^>Ii JJ>^ Ui^ J>i e- U A JI 

^ M «• 

»l-a»ig. ^*L.>. A At 4Lal..>Jl jl ^ >.Vi f^yJh j^-i«..juaJI dJUb •(^^jVl 

%» 

.4-^lSj^l jLge-rwVl CjI^ A'V (^ 7 ^ jj-L«.ti 4 ^a V » 1 ^ jI 

4..2£^J^ (Jjl^ L^Jija (jSLaj V 4^jjJ 4 ntA 4_^ju^jJI jj-V,.u^ill ^j£Ll 


CxjI^ (j] . ^Liia^t fjy!^ L^4ltnjj jjJbJU^I dJJb jj> ^,<. 0 :^ «^L^jjVi 

Oj^jJluS LjbL] 1 Ti4 a ^J . ^LjU 3? w („7^ 

•lW^* cr'i Jijl 1 jj jjSUj V 

cdHjt La 44 Jjjjj-ju3 q\ ^jfLgj La (jj 

rovers cjUal^iaJI 4^LaJLvl cr^l "<*»!! o!>L>^jJJ .U^U4.’;t i 

CjLj^^-C ^ 4^£pll (,7^1 Sl.i^Jl 4JL4 .Il>JII ^IjJLl 4 jfCjlLajjVl 

4J^ 4_J gf. lgLt< JI C <J>ti ^ ^ * L\ 1 ^ Ir^ » diLu^ L. d.':^ 7< t n 4 Jjjl!I 

^LaJbVI Ijl^ i4^L>Jt ((Lij/L» ^l£j tltnin-L! 1 Cr^i 

/\ )^^^/)^^A ((SI^Lj)) ^ ^1 jLi^^ 

^1 ^1 ^Li^l o>L^j>LkiV ^LUt Sl^LiJl ^ i T' • ^ 
aj^LJ oLl^jlII tT * * 1 4 Y * * V i^LaJI cJu^xILLa 

Lj_bLxo| Mja_aj <(Li^L)) ^L^j t**.I aJ^LJLlLbdul jl^ < Y * * 0 aL^. 


C,«liV JL,^ <LJ iM 4jUJL>dl 4 jLrtlVl JjVl J4 a JI (jLb iJl^^Vl ^^] .J^j|^-i!ail 

*«i l^LuiSLL^V {^^La 4>J l ^ilaj ^1 i^jja J)^, 




^jaJI ^yjj 6J|I ifiTIMftJI CiU>jJI 



^ J j t ^ >AJ 

iSL-JL . j , -> . l t j«-JLc 


1>* « j ft LT^ J.«--*ib 

aJbjJ :jju^l) i <L4 <fl_ t 


.(,UiJ}tt» 



itilij cIjJLsu 1 A i 'cLj aJJt ^^jJt uiilljl 

1 III 4jLi^ tj- j ^ tiUj qja Li^j O^ lLILlA 


♦ McKay ‘ o^ dji.Mgi ^^JiS 


ift *M ^ ai\ •(•Jl 

i4 tl ^jla 4 j.tf il^ 1 uVa ^ ^^ ^ ^1 

<>•••’ *• •% 

84001 ^^^_tlJI (j-ujJ ;^JlJI (^l^Lo I \ i rtjJ 4 j1j^^ 41ju;:u r<4J V 

«» «» «» 

.d^ r CjL_ujjujS/i a 1^-SJ1 cldl^^ ,^-3 t ALH 


4_il^L^ wsstrogeology <^1 Lt^jJ^ j| >11»dijjJL^jdl 5 j1 ^ lt^ 

•• 'V- 

^LUI icliLx-jSU ^tual ^jjij ^3 iLoLc. j-uiX, duuLLj^^ 

Jjusfj ^ ,*i i 4 n > ! l aUaI)! »j,u!L.i ^M-aJI 4^IjjJ l7^ ((L^Ij)) 

4 i n jJ C^<.»,.i,U M .11 LjlI^ (^l^ud ^J^OjI jLdj *3Li^JI 

3jL^ 4_bL.j^l ^LjjJi ij\j L1qj..j Aj ijj) * t/^ (jl i tilj cdJj 

4 JI 4 III SLpJl (j£. aijtj Friedmann I^I^jLIjI 

{(L^^Lt^)) 5jj tcryptoendoliths 4-lpj>Jll cjLj-x-a^l 

tHoare ^ulrir.j *4juaA5til,l djl^^->Ji CjI^jjJ S A 

«• «» 

(_ y^ uLJI ^jA cd^Lftj c^i 4 .^I^Jl! i4^L^l Jl^I 

•• ** 

«^IjJI ftt*>*tl 

;j| "V . t, \ J ^ j^l S^i ^ >11 jl^li »l.l^tH ^|)) LiUj . 1 ftj 

«* «» 

L>^ (j-« * JL-A-Se-III J '>• i!l ^-l4J 1JLA 

IjLU^ frUl JiLqj IjU <-uj-4dU jJbj i«tiUj ^ iijjjL^ jl£LoVI 

ji o jLj>.t j-A?J ^1 **> c^!)) ♦3l j '*<ii (JLSLcul ^jA 





ijlfi 51^ Qc 


c.US’ll (^l] jj-^ o^ La^» 

Lillj ^JjIjI j^jJLiUJLi (Jj^ 4—uLua-fljl 4.,i.j n,,i*Ji aJoLi-u^ S 

«* «« *« 

^L^l ^ fj 1 4 Ji-iL^l CjL2.a.u!uJ JL^ ^4Juja]| 

La CxjI^ I jl La 4-5 jjJ, 4*1,1 nijJ ijriji^ M^Lk LlLc 1 JlA i n * L^JL>u 

.((ciJLufc jckj 3 j! iL^i j SLpJl jt tprelife conditions 3LpJl 
La t4_i^L>Jl 4lL^jL:>w 4 J Ljjjl ^ II (jl I Lr^ 

rovers oLJil^laj ^Iju 4>- >JL (^iSLa c, 

Jj2j CjI-uC. c-tirw i^ 4J 4^Lua5 4JLLiLuU ^ t4 jv uLojjji 

^^jc. j ~ Aj 1 * ^ ^ ALH 84001 j >iH Lj—aI jl-a 1)) (^l£La 


ALH 84001 




Jjl (jl 4 n ji S >- L^-aVjI ^1 CjLLj-*JI e 1 1:^ L^lS!<aj 

4* ** 

4ijLtii ^L^ Jl 5 (j-^ 1 J-^ 4-^JLfl SjJe-jLO 

3j»j.*<-^ (j^Su-tAi (j\l?lj-_dl oLaj-oj 4^ ii-dJH 4_u.3tJjJkl (jji-^ 

4JjLa 5jj_uaj c iii*i ,stj (jL^ ^IjlJI (jl (j£- 1-Laj.^ A>o tiJJj ^J:}j • II^oLoJIaV 

(j^ j)jjLac f-LiJaB ^1 4 :^L?w LluJj . L^'x^a ^ u^l (^jJI i(jVl (2>£. 

(j^ 4 f-L r. .dUA ■» 11 Joj t^ll 4._^ (jcOj (^IxJI (jl^Loli dsu-^iiieJlJI 0^3^^ 

%% ** 

j-ae_>Jl ♦ 4^j^l CjLa^ixtL SLojuLo 4^JLxli 5j-3t-uajl Cul^ Ijl 

(jL^ t4LfcAi (j^jLj 1,0^ T , 0 ^j-u L_<a jiLa L« (_ 7 ^ 4jl ALH 84001 

«* ** 

♦ |^(j\:xjujL^lj (jr^ iSj^ <— sjLij reducing VjUit^aj iL^ljj 

Cajl t-uiJ JLB ^jL-oll ^ (jy^ CjJJU>. (J^l CjI j JU » JI (jl jJL^ 

t «»> ^■*< Lft^ i4_j_5tlaj-uJ 1 j^^jfcjuail 3.^ 4 -o tlo (Jioa 

«» 

4^Jl-x!I 4j_5tjjJLl j^-se-uail pJu-o-J jl (j ) a ij ii (J^ ol-^ * L^Joo ^jVl 

. iLi^l dulS^ (jl iSLpJl (_yll j . j . ^ . n (^^1 JtLAJtJ (jl Cj-c:^ 

«* 

(^yjg. 4-^L£3—Jl (j^uj^L-uaJJl (jl ALH 84001 j. .rr ^ti j. ^I»tL^lj 

*• 

(jy^ J, (^^laLjua lLILL^-A <5Lj_>JI (j-C. I a (J^LoJ 

^HJu—cul *J—Sj »((4J t u (j^jjLj V , 0 (_^-1 a. iJ-jj-l 5^xJL Lkf^JL-A ^^.S t lxj ^ 

At i(j\^lj^l CjLa^ (jja ^^_u^l JJLxJ! 3^'^ Cy^ 4ja_i.i>Jl oJJt (jjjd^ll 

«* 

juu bombardment jujiJJi iJu-ajJl ^ S^bll (J^-ijJLl cJj£!j 
4_-ax-aIi 4 xfl*ijJLI (^^^jualjV! t L a.t jjl (J^ < ni l ^jjo (j-u^)) . (jA-ai ^g^cLlI aLIxJI (jj^ 

(jil (JtH® Cj-^ ur^l I oil (j^ CjLAjJj 






^ <-flMJJI Jj_s jjj - 5 v :tl jVl 

•• •* 

LjqI «4_La oLiuutil ^ i A I <d *Ct . id jM At! ^ ij A ^ i..JI 

^_y-Aj iL^Jju CujL^ 4-cjJL^I CjI 1 n ^1 1 jJ-ua-al 

l^kc beds *^***^^J‘^ dt ^1 m <A , > •*) 4_iJj4Jl 1 i III 

*LiUlxj ^1—ii»C. ^LjU^UI LjJ LxA j «^u^l ^ 1^- ^ SLj->. C^I-JC-jU 4^1!lj4 

^1 I <4 ^ Ij^JuJL^nj 1 I * ciJJjJ (B ^ 4 t f i i i^ 


^ ^J) ^ d 1 4 i cT I i II fl i i 111 lilt L** l^J ^ ^ i! 4 ^ I JUu CjI^ iir tH ^jia> j4 

«• 

4^ jj ^1 JuM »4j 1 ^Aj ‘ ^1^" 3lj'»!! (jSL4J (^jJI 


5>j-=tJ (> ^ ^~ • ■■• (jt (jSUj 5 Lh*JI o' cri! SjuqjlIJiI llpS^jLlil SjQ 
*• 

III1 ^mi J )r jL-ii-r^i 4 I 

)\\'\ ^L^l ^ Cu-L^j jl_^S/l tjl ^ LT^J 

oLu-f: Cyi-L^t 4Ji^jJ 4-**i\t La^ "K JuJu:^ Lr^ LiuiLj)) ^L^J 0^4 >» 

jlBJ)) {^l^Lo .^JjloJIj tiJLIj ijijju>J >.iLjy>A" 4jljV j^jL-uJI 

i iii 4 ^LIl1I jj ^ t^W (IjL%^ 4-t-3t-jj-^ 5ji ^ L7^ tilx^ -v- 

. 4_C.^^..4-U 4Lj ^L£^JLI CjLu-C C,<.L^ . t-\ t Ljl^lI^ . jVj J ^^_jJL4 X * " 
414^ Ji^4-a I ii A ^ ^ CH-^ t4l^ i-tij 4-5 Uj-j>o 4l>.jJl 4JLA y \ 

(—4—iSLjj 4_L>.^^1 j_A I JlAj .((^c_j^1 JJ—^ 

^1 u-S 4^Ljua^l Lat tjV^J ^^_jJLa T * * 

. (ClSLo 4^1 nLA) La IjlA i((4_ilJiJL! 4 AK a <LlLq^ CjLLul!) <. A^ /jl » . > t'K ) dllj 




6i>' tfi* ift t'liU 


4^1^^^I Bj^juoJt L-flj-i^iSkTLXdui ^j^LlJi t \ \ 1 A. i 

4 ^ CjLLaj>J,i ^1 .c-^^.SUi IjlA ■ JjJ ^ 1 

j) uli 1^1 (jr^ BjjLBJI c-^li^i^"iIIIVI 1^ iCjLdl^-LxIl^ 1 4^Xjil 

JL^ /4 J lUtBtl ^ 4^ ^11 /4 J ^U> i lit! ClOiJ 4 B lUtl ^ A ^ 

Jl-i-^xj ^ III L^jla jl£^I i^Ltli Bjl-j_iLx ^ (g *- ^ ^ 

** 

iBL^VI I C viTu-lH I U^LBjJI ^ )Lj 4-A lLUj /*i£L) xj| *rru wfujJI /h a i ^11 ^La) 


{^^i T a-Ll I (3^ ^ 4111 L) (>LlJ ^ ^ 

Ij c^l , J ^ L^ji J.U-0 o’ "5^ 




I ^ ^ 


«• » 




^jaJI ^ 6(^ oe i^isuJI 


1 I 4 J 


l tj /t j_Aj iBradbury c^Ij c *J< < 1 ^ t 

jLHIc.VI I juk j 4-^ jL-i-Vl 1 ^ <('^) ((jjjJLI 

* ( 3 ^ Lt^ Lajl^^ CjI^Ij^I (jij 

'Sr ^ ^ %• 

C 45 SJI o!» ' er^ LijvJ'>• JLi 

•% 1 «• «* 

3 I-^ (jLt 4 J Lf*»■ ft —<u I ^^A^ 1 > (j^ *“'j ^ ^ 4-">»Vi 

(jt ct*^ i^j^^SLU g.Lj-ftjt.tl 4^iSLi.u!uJI ^xc. t!I I l ji^j 

«« 

Ui^ U? C;r^ C^ cr^ i J-3.! 


uu (jt luJLf; I S <.lr> i ^_^jilJ 4^Lljt 3^) *.«jl.ixr.Vlj 

ol *•* UJ^ D? <rr" ^ Lr^! ‘tIP (>^ UjL4^t 

|^j-l^"L <a > V LIjJ Ji (J^-3 j »*« jL^IjI 

.((lLUj (Jjloj {S3^ mj V LuSJ (lLUj a AK" 

^IjJl t>c. j 4^ iCjUKII oj^ 

3>^J Jjualjlll a^j ^>a (3 JL^jJIj jj.» ix c>^ 

LuLj jL3*tg. tj i^J.jit Jill lLIM^VI dJuk 3ji^ ^ i jjk Lo 

jiSi^Vl djuk ^JLuo • 4.3.^I ^tjJkJI cflil) SLtJ>Ji f^i*JLi <>■ > ^.tii.x]l 

^1^1 J^tlcuJ . 1 ^ 1:5 Sl^l Uj^Ll^a ^^] .Ll^ 4luabll 

l^uLL^^jk! Jjf^ L.A.UMJ L-ai-<^<^ifauV Ujj ^jlan (jt-Lc* (jry^LdJI cilDjl 


» 4 4.1^U ^xuljjt Lt IL t^j-*a<lj< tJi Ijk^^^Gj i4^L>>JjJi 

LiJl„I^ B fc^tll ffJJt JUJLftJt 4^^Lild fjr^^ Cy^ c. 

%• «K * 

SOjOC. JLH^^ (jr^ (jM- cr^! J^jl 

.(^jLaxjuii 4 j^ . il L qjjjVI 4^Luau4jt ^j . ..ti 

«» 

: L^Jjo (jj! V * 1 i^>ju ^1 JLix/jV 4 .judjLjlII Ljo 

>itl (J^t 1 ^^Irx^3 c.oli 3r ;J!l4J 4 3K*<U j jJaSJlj i^j fcx^i 


CjIj^J[J 4-IoL.ji-u^ C-^1 »V iSj'-'i ^^ SLaLSU,! 

f.[li ^C^>4J ^^ aU uI Jj>>t3 ^C i j 0:^0^:!-^ jA> <>» J:* 

^ 4 ^ 1^ 4 ;j j2>;Ji1x1JI Oj^Ij fU ^jryml-«.ii>» L^ t4jjJL:aEJ Lo 

cM’ 5jJ-3il ,,.4_:wjJ 1-4 -:kj» < JuJL->. ^Lx. (^yl£, 

^IjJuij Fitzgerald jJl ^ cj ^ lm 4ajL>* ^jxLp^l jL^ ((c-objljlII 
CjL£ jil 2 u^1jJ1 j ^] jAij VI . The Great Gatsby 





4jI I i TTicA (jj[^ dJulJ mi ^j< i i^ li j <k^t(if\ ji^ 

^ ** 

• Luajl 4 _ujuj4_cIiJ! t d i 'p j3 ‘ '*^ *^ * ^ <*<ijJi < rt < I 

1 4 1 1 <i t! lj ^ ^ 4^ >iJi J*J-p *(^JlXI 

LsbA In jij Lc^ (4ijL^ ^Lla < ^u^ijqJD L-fll ni^**! i »! 

LlJ£. Cr^l Sl J >i11j j^T ‘di^ LT^ lP-^ 


* 4^T L^Li!uS!llxdUj ^ pIji^ejuuiLj t H ^l i T . 

f^yiLC. t4., J 4 I c . L^jLj Jj ill JLc. tj_-J>jLi4jiJ ^jjcu ^jr^-Lt 1—AJLl£, 

•» 

^_^Lju 4j)| ^u^ljii Qji 4i| JL-iJL^l i 

^1)) 4j t II 1^,11 4^^’itl LbJL^j (1)1 (J^-^ (. 7 ^^ 1^ c1)1^jjlI,) 

-I - - 

i i Ml ill >^1 xj T)! r4^l /‘wA4 .((cJijLie^ ;i_i^Qj|j <4h aLj L^^ISJJIj 31)11) 

tV Jl » il) ! OJ-^ O^ J i^'* (l)p 

1^ • * 

jUatj 


(jLjJ t I n l*> <u _d tVl 


4_^jjj 4jAji.il J^l^ (1)' L>^‘^ (jLjiit^l (^LuiSJujil 

(J^jJLlj Jrt « I) 4jjGij [jdjo Ct^ c-^Lifu^Cj i4»VI IjUb 4 j 1 ^ ni 

yl\ 4jj> Ji Cj^1->>jJIj (^^Luo 1 0 j 4 4 II 4 rt, j 4 ^ (^-^-P tcilJj pi.^1 
jjoj al^Ljuju^! 3j.jfL^ (J^Vl (,^l£> Lt^ A^JjLiJLj iijjjb 4 iK*i II (jUa i^j^l 
LjjI ila..il) f^a oJI 4 aKTi L^ ( tr^ cJiJl 4 jL^ ^Jjucu (j! 

>1^1^111 (Jj) <^->JI j^j t>*< < tt ) LuJ jJ t(Jt ilL 411 ^^-a ijjLllj i ^JVI 

>jja i ij nt JJ>il ^1 LiLudj Lul 4j^jjla J" 4"1 


aIIj C V 14) (Jl La..5i ^ 3jL>-ij 

(jr^ J>-*ji.3tLl oI (jr^l J^jl 

IV j i MJ ^1 ^-.AAill 4_«aj^Lllj i4 j^jlLo^Vl 4-jjLua-a]| ^ji.-L^I (JN^ ^ 4 j *4i£Lll 

<.—^ 1 ^ t ^ ^ (. 7 ^^ * L$^' ^ (—Bl..i4ji5i>> ii<.i<^iLl I4—mj[j JL<a ^ 

4j 1 iy *<■ ^jj/L-ijii_>JI ^^1 Kennedy ^jl- os-^ u“ 

c^LlbllJl jl>—1<—^ Llul » ^LjL-^ 1 ai)<r. _ aVI 4 j. 

JLi-ujl 3-3tl ^Lajb^l (jLj 4 11 3 a 4-atJ>. pJjLaj ^ISLaVl 4j| JLill£,5j.« 

^Jj j j.4^...*.iiil jL>oVl ^1 < n d ) 3 P * “ (1>^ d r a 3 4 pJ ^.anJI j^juJI 



^ui,AM ^ t i a > * 1 1 ^ 0 ill I Ml >11 (1 j^ ^ ‘ ...I c^|_xi 

^j! r I I.) 3 4 alIajI j -*i a lr> 'i a ^jj^LuiV LjjL 31 *41 IjJijj 

*^j^j < »ll (i^^scJuuuy) V ^ a iil < 








cw l (J^l ^ fc n .4 '^ JUIJ^ L \\\'\ 

j-ll cjLVjJI (jl Clinton ij K cr^ ^ 


cIh^ cH^ 3 instrument packages 

<tILiL-uaj jjl L_dJL^I ^1 ^1 jl5t 5jl jl 4—ijiijJ C<ju^Lv JL^J * L^l>.lj 

*« ** 

L,< u juJ 1^^ ^.j^l (JLi-ujI iL^Vl Bush 

(_yJl >1!I ^LjlLJ 1 nK iQ i T * ^ ^ (^ 1 JJLjfc^ Lr^l 

^jai-UjJl *4. f <..rt\ Cj-fljJI ^jr^3 » 4^ c. J 

•• ^ 

^ ta jla V—< 1! ^ ^ i A-1 ujJ lV U C (^j 1j 1^ 

«4a!SluLo^jVI 4^Liix4Ji ^jjiLaJI ^1 jLsr.xmlj e-Sl <^i^j < «V 

0/ 

4i:vj J^Iol ^ 4j^Lcj Cu^j 

^^Lucid juuioj^ ^L^usuzJl i (jT ^^ i ^ ^ ^Ld 

*«> •* • 

i jL^jJ jW^l .Mir 4^L.^i!l 4 Jlj.4-i.jiJ1 

pLiJafl *-^1^ ^Col^ LaLc. .^hjuI 4.i3^j Lr^ *0^ 

*• I •* 

i(jj^l ^1 JLjoI ^L:>. 5Lj->J 1 JL-j-fl (jjJ-C. g.1 4,tli ^C^JSLoJ ^^-JOL-Jl (jl jL^Ial 

4jraujJli Lr^ CjL^jJLo ^0 CjL^j-tXl a-sLubyij 

4.L>.jJ| L^j-jlILluJ Lilil! 4-.^! <u A 4.fl4j CjjjJljaJ t4-^l -i^i-rtll CjM.l>>jJIj 


••I ^ 




idJ^Lv^i dJUt ^^dUO-kJI ^ 1 -LdU^I i4»lSLcuJLt 1 ^ 

^J.jq>>o <L.> Lt^ 1 ji Ljq.^ (Jj i4.]L>.^l ^J1 gri^vl ^ ^x t ul t La 44 

I jl Lloj t^c—jj^^aU 4jj-«JiJl 

^ <.^<.xTtj t4_LaJaj^t L|jLjj^^.£Lixj 

^j^l ^ jg- 1 ,4 lit x5\j jJk (^^1 SL j—>J 1 jJlSLcut (^1 (jl—^ kij Co 1 , .flic A L-Sj-ju 

•• «* 

do^-Luj 4C'>. J^^bj)e..4 L^t ^1 t lLUJ a djt-Jii 1 
tdjlj^jjJLj ^tjjJ .1 L-flL-LuSji-jaiV ^j.uus> V tCo ^jj> *^^3 

^1 JljV I 'O ^ i ^ t LdLlA Ji J1 J^_>.^1 4-f 1J 

«* M 

4 _JL:liH 4 _JVI cj>U.jJI ^ jujljJI (_^j oJUa jlj j^UUI 3 . ...j 

«« 

^Ij-jua LiJl<^4 i(^^^-:>.| 4_L>.lj .^cj^Jll (jyC. 4j^-i!ujJl 4C xALi^k! .iijLC.MJ 

jLi^ : LJj_a_C CjL^jj Lb^Ls oL^j (Jy\j Jn 4 !Ij 

jJLLa BjljLluJI L_a^jJ^l ^Ig 4.^ijJl c-^jJ CJLu 




SjuJL:^ CjL^_>.^ s i ^ V 1 /1 ^ 4 ^ tfiOJLjJl 4 «j_>.L 1J| ^j -4 Lol 

cjL^^j Jjusj_ 1!1 _ 1 rjl^ L 4 JJJ - LmC<u LlLa^Lc. 

J:i-^ (cJLJI J^ liilj J^J 4-1-1^ J_^ 

. [ jj>ll jJcu^ t ^1 5Lt>JI ^jM (j5 Tarter 

^ j-c L>^ ^^ 1~ ^ ... ^ iijJlJLA 3l j ^J1 Ot_L^^ ol^ 




JUdLlXl I^JL_C. 4_^J_jJl IJLA iJ—■> ((5 l -i-^ > J 1 

*• 

4,I i J a jJj ^ 1 jl j n< it i JLuujV 4_^ljJl JaiaiJl 

. 1 ^ ^*<> jjl^l 

i>>Atl ^,<,1,1,11 4^j ^Lu ^^ilalu-uJ LijLj 5^-^ ur^i 

/'w^ / wd sV( < LolSH o s a_fa<a / t 4 I ft i>> A ti j| jj l U> S“ 11 LoJlui-^* LLljjl^V jI Jl T lxL^ 

> Ml ill ^^I 

J.4JlJ »1 <>trtlt ijjljjl L_oLj 1 LiJlj_A ^jl *5 j-> 3 J-olSUL 

jJLaua, ^ ol^ 4 ^ ^ 4_J^l ci>l 5>^! sij 1 jlj 

(jl—i-uji J-J 1 (j . * Sjl^yi 4 ^jJlj ^I <j jLl^VI dJuk ^jl JLflILc.1 i^cjjJLl 

fli iUUj iBjljVLa .ciiij J-*-^ 

^1 (>* UT^l J - 

LLo 1.4 At t^-^I a-Tu Lqj ^LjqJLaV! C7~^ 1 Tr tl ^ / ..1 ^ 

* «* 

. <jJJ J Ll4-L»-) /J^ 




^J#U I^MftiNiit 

^jL^-ujVI I I t I ^1 4«jj.u_IiJLj ^Lt-u-4 Jj^JLja Ji^-uau^iJI (J->* I 1^ 

.M^-Lc. j»i >L^T ^^1 

j'* > u' ^^3^ ‘ 

(j^^-LuIuju-Mj iLiJLlLAj _ ^ 1 g ^ - (-LJIJlA 4^ j i!I ^JulI ^ A 

t^l—liu^j—i-ul ^. l i f \ —>• jj-<s ^^JLc«jlj 4 —CjLLa. 3 t _-4 

4 jIjlj djLA JlLxjJ JLi.;>Jl oLljj . < 1 ^ >^>^.11 S r. j 4 ^ t, I 

_sj ^ J ^ ^1 LaSL^j i(Jji_-illL jj *5Lua«ill 4 j 1__^ il j 

^1 L-^ LIA Jlj-Ln jlj .4-ItlLiJl 4. i fllVl L-o J- 4 " ' “ ^ 

•* ** 

SuLILIj^ lI^I <^i <J IjlA 4.JL3ajU 






(^JLc Sl^ Qc Aajfl 


(JSLojJllI 4-^1 i4..*< >•! 4 jjIjI t(^iSLa Aj oltll > (jt JLjm 

L^-jLu^ SH>^^ ^jrH^ terraforming 

(J^LcuHitiJ i ^ji ■* I oij (jLa^ .ft (JJLLA)) (^ISLa 

•» «» 

^_p9jVt 4jlg, CduL^ i^^£^1 (J-« : ^ (jf ^ Jrt"fi<t) LIj! jJb 
u^^LiiJt <iiJj ^lii^ »cA? * tii^Vlj ljd9^«L£, ^ >.<^j 

^Ij (j-4 4 ^ISj> 4 4jL2lj jij-^do^l ^ i ^ <■» j-^1 ^^yitjjJLl 

•fc «» «• •• 

v^jSJI iS^jLj L;^ ..^j ^jla* rfutJ <^J -O^J^' 

4 gjl^ JLLui^l LaIjIcsc^ 4ajL^^I aJI SUblimatC 

jLu^l cjI ^i)) (^ISLo 


f^yi^ ^J^.jt.^.udu jJI t4.1j ia. ill jjJ-A ^LjjL ^ , 4 . <« » r< t u 

jL4^%-x]| JLU.juS)j ^-jL<a^ i 

^L^ji c,.*A, t 4ijLui ^^.^..uj {a-a il^S j) 

*(j^l 4 jlr ^JL>J1 Lo Cjij»<*ii JU u^jSLII ^ta.4» 4 jwjJ 

4-x.j^jJt otjL^ 4ioL.ui^ ^11 4„,j iln^i ^ 4 ^tl cii 

(CFCs) ('^■) ciU^j^^ jjjJijU^KJI (^j t supergreenhouse gases 4-5jL-i!l 

4-^jj (jt ^ ^ 1 4- \ ,j i.,ij La^. 

4_l_i^jJI olj|Lc ^^yA 41jLa 4^La^ i »4, Ac i 4C ll< 

*» 

4jL^jJt cjIjLc oLjxSL} .((^^j^£LIl jua^t ^jLJi 

*« 

Djlj^ U^ ‘ t_a5'LiJl 1 ^.li? 'V JutA idJJb 4.^L^I 

**/ 4-*^ tSjUJLA CjI j'/ ix/ djJL CjL^jJlJI CjIji xm.£l jLl AA.\ 

«• *« 

cjLj£^^ ^a ^LojuVLj u 111! (—aVT juu e^^LjtJI ^L^lll 

. 4 4aLu!u cjL^IAj^I 

cr^ j^T ^^\ iJj^ <-a>Lc JdJ^ l>^ 

(_psjVl 4 I Jin (J iL.-»il 4_uL!ijt ljl» ^(jrt Iii^VLj 

«l '-^-... I; 5^.U:;t ( ^^,u^..jj ijJLxjui^ ^Ji-4 > 1 ^**< <1 )Li-o 

ui>U]l ^1 J:w| o-® .^Uxll i>4 L^ SLiA^ 

.-t4i.^Vij ci,L.<i4*j 4^l.^,4i^.ti (IojIj^I ^1 < ii c. tI 

•T ** •• ' •• 

(^-o.j4_^lj cjVT ^1 ‘-Bj 4 <LdJj Jj«^ •4 j>:JI 

4^14 ^ ajAuj (jl t4^Lll!l Bj) 1^11 4ut iS^ ♦ ((CjIbI„i-*(II 




(> 



isJ-J'lrJ! i&3m 



^ > *J V j|jL-C.t ^ " <nl I^A ^ t ^^yoIajVl j 5C . iu > a 

Cj|j4Tr Jl ^ talgaelike plants u^LstlaJL oIjL^I 

«• «* 

cjLjL jit i L^l!La^^^jVt * LlJI 4_j , ^sj ^i 


rt. I f u 


Jj^ JLjU^I 

«» 

i^^-AC. 3jlc. ^^^^Ju-iuu jl^ ^LuJou^I ^ 

L^ ^JLlaJI ^Ib t4Jj-u lJlI? iSLa 

Ir»4..MU ^L^JJI ^ cdjSJ *(>\^E-44 i£V 1 jLJ-CaSt ^Ij oIjL^I 


oj$j < j.j_p.l i^yi^ global biosphere ■^- (_jj_j_>. **• ° (Jj ^1 

.«(^jVl 4. 1 u ^ > dLl£ 

•• 

LbJLA ^JfC.uu. 411 4aJLcu& V .JUJI 4.^J 

jjt LaL<u (Jjj.4<ija jlSJIc.?)) Owen . Ljj-cj.^ 

<lj^^ilLli aiju^JllI L-4 jM.^ «^. ^ 4,,ilS[ ^^^..>>1 ^L.<a-» *<-4ui 

«* 

^oJ. LUji J^Liil cdlj Lol Jjt J ■- Lvi t(jK ...Jl SjLjj 

(jlSL^ (jJJ LL^^ Ji>-^ ij^ JjSLiijJI fjlc. 1 ijlf 

«* «• 

.«4^ (jUiOAil (JjU^t 


•% ^ 


*uBjLkli dJJb ^ yA Lo jJalJI ^\Sja 
^Jjj^ S l,lj,lr, <—<i:fcj (Jib SLiuSLaj 4,>»-A4tAja A-ojuau^l 

*• 

<.fiL.*u <^LlA 0~‘^ i((S 1 1 i5ikiaj L^l 4»t 11.414,11 SciUj ^Jjl.A4uui 

t- ij^.j (Jjb» (JIJ 10 4, >, 4 4ll]ljg » 4jL.4.'Ji ciUj ^J.,<L,-fl ^,ilr^r4 4rtl44i LIjI 

«• *« 

o\ 4raA^ ^JJt wSLi^ 

«* «* V a» <M 

jjfc t • «4ljLii jLoijftj jjA L-*Si ^ 1^ 3LpJI lP 

Crick & Orgel (Ji^jJLl 

«• 

4^jJ,l (J^Li^l jJ-pJi 4^^jLja jLuX.) (^yic. 4_iaJbjt MJl oljLuaL4>Ji 

«« 

: JIJ-4-W ^J^\ 2u*4-uI 1L LaU :MjLb ^^ISLa Ijuilu Uaj *directed panspermia 

j d A A i4Jh aL 4 *< AKI ^V idli'^ ., 31 ^ "i-C.\ V IjlJa 4((SciUj J* ^ ^ J^)) 

«* 

LiiUjt (j-«Jj ‘ CT^l (Jj . * ^ 0:?*^^ tjlB < JL^^Ji 4 ji _jjU i S I jLa 

LM liUjJj tddij qa t >L j - rt *< .4. ( 4 j .t ^ ,.A ^ UJA5_ 

^IJI ^IjulLi-I^ 

*<(^^j[^,u^JLi IjlA a/Tr 




5Lp QC 


cLIjI jc-i^>-4U J^AHI 4-j_U^ Lo5 

I ^ A < m 1 jU^J jlLIJj CjJLaO ^1 c ,fa < , «f4_*4^ LT^ ^ 

4 <^1><J 1 ixic. t4 j i. i 4 * i>JLA I ^ ^ Lxjl-cu 

^jual Jjl JiljUuLj-ul t .A SaJLqLSo C-u£jJ^ ^JjSLiuU djLc.i 

^ 5jLa]l 4(J^LU1 

oL>. JL^ .^LUl 5 jlcU] 1 ^jub ^>5^ -L^liVl 

(_y]l ^ l\.< tLj i4j ^1 4.g -^jjJLi S^^-Jc-igai] ^jSLcj I g r I Ig ';«■ t Cg^j 

) jlSLfiVI 4_igj|jJ j_jJl 4 _£LuoI jLloVI *->a L^j^Lj <Lj-ia^ 

*4 

. <> L^Uoil ^1 ALH 84001(^>^1 j^\ jLi.! 


<—JJ 







«• 

c^!"^ < ‘ ■> tXUj ;j\a\ aj 

^! Ujj_ 53 <oi^' (>> (j^LaVl ^ 3L^1 

** 

j5lij ALH 84001 (^>^1 >»->4La 

<=tj AjC ^JLljqj Ljjj^ 4 j 45.U*<I \ CjL?ejVt 

(4_^L!iJi 3^ j i^ tllj i jL:^! {J-axU 4 ^ ^cJjlI! 

^Jy^ jL4lLxJll (JjflQjij 
(JL»r(3>.Lj 43lCiJ,l cjLA^LlII^ cjL^Luu^V! Luti 

IjJLX.L- uiJ 4 ^ t 1 Oj 3t j 

cr^l cK'LJii 

4ft 

*^^^SLiJ pLclxl! c^LiuiSLtxjul i\^ 


|gJUU bb^i <4|*klt ftiUN»Xt 

iV 

^jA t.. < • 4—^Ja-4-4 4_j_^^SLiI< jJt ^c-LuJl ^j| 

Ijjj 4J ^jruJL-HI noun adjective c-ulHI 

_ |oJLxU ^LgUJi 4^j 4artj^ Cr^ i—fljjCiJi 1-4^ 

/ jTi ^IftU 4 ^i^^SLCuJL^ * ^LaIx^ <^- 

1 *ij ^1 i Ll I I, I lij^ ^ J) > IrT J ^^—>>1 ^^^j-SL5t_uIu (^1^ 

44 

t I ^ i ^ 1 L-iJ^)»C. ^ U.1—iJ faV 4^ . 4j ^ 1 rtJ 1 4 Ji4 

4j| JJL-^ cr^ ^LusLILfi 

^^I__jLaJ1j ^ -^ti 3^ J ^ 4 f.J) 4 . qg —fl ;^JA 




^jxJI i^lc SLi^ qc ucuJI 


juc x-dj - lie. till Cit ^ M tx• A 1^ formulae 

kit 

cjLjL^ 4-^jG SjJUa J>L>. (y2L ^Lc. ^Ls tJU. 

(^jJI »Ll» lli^ (JLzk^I i.gjuy^ (1>^ 4^^^SLilJi 4_L<4Jbt 4J ^^cold^ ^ 

»3jaJL^ iSi^^ L7^\ ^JLil2lJI (j^ 

iLajl ^jjfcil 4_uia^ ^ju ^iL^LlII 4^^SLiU organization 

4j^Li5jJ Jj Jjt »1-4.U 11 jl>.\ ij\ju Lojiica 

eiJUju Q^_4^_2j ^^SL^LulIu ^ :^LJl1J 1 ^ ^ UiS^ »lijfti.i>1i 

^Lj iL^jLo ?er<tl CjLjISLsJIj ij^-atoJI JSJ 4> <pLj pl^ 

Jjj-io p-UJi pj^ JL^J .^L.^JL1I LfejU cli 1 Zb djuju^l jL^Vl 

tjub . jiSL^Vi Lilij ^ (SjuJL^I jlS^I ^Ldl£Jl 

p ^ ^ «**■ ^ ^ ^ <H (3^ 4 j 4ii.Lni i ti pj < <tl 

4,j jqJL«■! i a^jJkJli 4J. 11 i^ li pJ^ Uib 4^.4 AI 

4.jj iQ 1 c. pjJL^Jlj i IL7^^ ^iSLlt ij) irtii ^ ^^jJt f. I (^1 4 < » 

^jJI jiLaJjJi (^ja p^j.^ 4j ^aVI cdJ^ Lr^ • T ^ ? (.iLfuJI jLJL^I CjjLjid.1 

ip^ < t-a I n I tir>:—<J pAJ.^ (^jL-a2 L>:^‘^b 

4^jJ Lr^J (ciDjU pLj, fliJ SjLLc^ 4.2ij^^ lLILLAj *4x<jLftJt p^‘>Ltoj ^loJLj 
J L^ Tu ig^j-Ag\ SjuJljk 4.arjlj Jjjuaa^. J-tia^l jt I^,*i.dJ 

*» 

f-LoJUJi JL>.V 4jj^^j 3juJL^ 4j^i^ LU^v (^LjuStl 

^^^jLlIu JL^GJLj 4j| L4^ tLo 4i^ 4.aj^^ tilij 

4 j 4 3t n ^LqIaJI ,A 4*l>ll Cj^LjqIxI!I Lv j ^ L^jJLui dJUu Ljo 

«* 

.p4^i 4-jic.La 4 jjJL:u p^jV LiiVI pAjjLi^ 4j^jLJt^ 

t n 4 <0^ V L^jL^ i-L i > i ! l (jUa (pLJ) pJLi pSL>u 4^^^SLiiJI 

Ljo 4j^. 1^ ^Ii-*i.> ^^L^JLaJI J^I pL^ .(jr\S[SLt!LI(JLt ol^.ra&A pL^ot 


^JlA (2^ 


;^J.4-1l1I 4_lju^j Cj 1 \ f.j jl i^ju^ 

«• 4* 

Ca^JjO L,<.,f.*i$LjQ <4 u ^ iti j«Jl 1,1 (Jij-^t •JUjJll 

cl)^ pibiil IJLA JjLj ^LIILi^VI 4ljlrtj. 4 jjJa1SI 

^1 4jjJ^.!I P^J cl).^^ 

(L^Jijubtj 4 4 A . » 4 j^ c,■<i,<jilj V JlXj LaJI^'^ <r< m 

*» 

il 4jr^.i^j C«pJ L7^^ dill) 




SLksdJ u^LuilS (aJjJI 


^LqJIaI lIj jjolsLuJLj (J^ <(_yi^,. l<J i ^1 j ^ i 

5jj jLIaIbi ^ Cy^3 * 4jL5ejl ^^LluJ jL^-cu-u-«Vl 


jlI 2ui^l 

i* W ' ^ ^ » 

jl mVVI AjLgr IjLp \uAj S ^LliJi cixJb ^ -»* i.\ rtlr. i 
^ t4-» j -t U 3( SjujLjjJl j5 o^j ^! 

(.^^) 4-5tajtjco L^I f.L4ijtii t ^ (_^llaa-t-u_3 iC^ljLjIL>.VI CjjLLiwI 

oULli^VI Jjuij :11 L^i 

ciLUl (jj-iJSl?j fL^JjJl ^jl ^«tj V Ijl^ 4<JL>>iJ1 a tj *(A^Ll]i 

A ,. " .. ^ A icdJj *JI 4-j j It 4 < < iJ 

4.,l7 i ^ (j^ ‘ ^ ^ 4 BjuJLj^i »1 ^* iiMJ 

..L^.iU j| At" ^ ia clU j ( Lo ^ 

oljl <Jl>»Vi ^jji i ij)jjft ji^ L7^ 

^1 d u 4 Jjl JJ) 4 (_yji^. j id..tl Bji.rid d cili j ^ I c jL^j 

*» 

ancient <_^lji-a cLJa-fl jljj jL ^L^l oLi j^l-Ut o^j LajJ^. Feynman 
(^jJl J-o^jlII 4 n A ^\jt> 4jt Ld^liC. t^jIajVl 'ij'j astronauts 

»i <Aaa!l ^Ijj (jJui j ^jl oI^4 * 1-^ 4.^fcx^ CjL^^ 4ijj 4jl^. (yixuj 

ot cr^ 4JSLJJ .o:»jVl 2 jL 3 ^<JbjJJL-dw4J ^ f LciHL> rtti 
OM oltlt jL 1 "-^Vi 4-j l^r, fjy^ 4,^jl. Mil,I Lj4L4J 

(^i c ■< t-ijj S 4 < It,n< 1 II hi j fCLdJI I JJb ^ *() ^1 ».ii^ 4 



AjJlI CjjI^ 4jl jjIIu ^^1 ijL4> ^JlLa (jLj 

4. 4.ajitjJu (^)^^SuL^ LjoilLd^ * (^3 4,.j .4 At ^L-luILI 

i4 j^jt^hjaVl 4aLbVl jJ^L>. ^ J >• i— 

^ 1 <tl» Ji ^4*1 .>4^^ 4 I 4i»Ji jljuLlkiii 

Ly^ L)d*^^ 1 |JL!l1I (Jji i < a - f.^A_>.JLll 

IIla JiU£9 .CjLj^jVI ^;yi (jJl 

*» 

‘^u^ u 4 4 j£j<..‘:,nt>» Uj^ 

(ji^ii.^x.»j V ^ 4< (t<^JLI llLL) f^\ ^j) 41 ij V ^2 >:jjlIL^ .(^)»d j it A i It d, . 4 , >.1 


t* ^Loixll ^j--0 ^1 


J^l 





1^! JJL^ J^ J!lo^ .4^1 

^l3l 4JSL1 tdliO^ 4 j^ ijLua^j iClitist L^jitjj iU^ 

.^LfciU 4 -u3^ ^U 

LtisLjl 4-a^lj«4 ^1 ^LusVlj 

cjIjj (^^JLxjj (jyliJi jl^Vl ^jljuxIj jjLtHJLl cillli i4£^_*!u_^l jLiiLc.'^l 

«* «• 

4U-C5CJ L4ji^ > i flit J lixa j&LjJjLll I^A Jjiia^l tiJU-A AUt^ 

«* 

aJII 4>jla o^ Cy* (j-^ 

jLialLcVl 4 <1 (J:Jl! jJsl j-Hj V 4-:^jJ ^1 (^jULl ^^*4^ Sl^lSLa 4_i_4a/jL^ 

L/0 SjLc (jPil 4 Itf^fti > V i 4_lULj fjyj& Lo It 4.J t.!L-tJi cLt^^-stJu (j-is 

*» «• * 

^La.,«,3..! (j!^ ^|jQ A y *» 4^^i jl!I <ji A 1^- 

L4>4 < La^^L i<oL iII L.lLd4 t4,u. 1 <.ull ^^ aI <^4 

JL^ 1 i(J^lSJlj 1 ^ L^ >.J ^ 4^ Inl!) ^Lj Ji^-2ij (j^i 4 j .gluJI 3i X-c,L^I 

«« 

(JjL^ i4.»l^ 11 4.^^SL(uJt |:fcl. i ^*i j.<il * L^xjtjuslj ^L^lll 

j!) 4jaJLliic^ Lq (J^aie-J/ prejudices dil^-jpo ^ 2LLal^ ^,ii*Jl 

jjIjlJI ^JI.\ j*r 11 ^1—^ 4-dj. jt ^j_a ^)4ijQLj L-o IJLA 

(^\ ij^ 

^jju^ljliJLj ^L^qJjlH (jl <■; i LKTi ^1«JL! 4_-4j£uJLI 4-j_£jSLtiJI ^jl 

4.J *.u*4LuJI CjLjJLLallll JUJutit ^,0,1 >JI (i.«Tt.tIi ^ ^LoxaI 

5j3^,o jl 4juuuj 4 jL^I£Lo j-Lstlu Vj 

V IjLA ^,3-4^ Ly^ ^^llaVLj ^^yLo^i ^jLuVI 

1 »1 ol«Ji JL>.1 JL^j .CjIjL^^!^ J-atJ-u {j-A ^LaeJcll 

1 OuL<iu.4 i4>ljjIL^,i ^Lju^ ^Sxjj.^:^ i^C. 1j-aLj L>.L:^ 

^bu (JliU Lr^ L>^ ^ ^ 1 jolr. 

^^1 '^11 (3^ 1 t.kijvI ^1 Cj^ 0^^ iijujL^j ^ < /. t ^ i^^LJLI '^3 ^ 

5j,jia tiUj VLj I J ^ C. i t4laTt“Ul cilij t (JL^J 

♦* *r 

( ^ )|:fcj) 1A1! 4-uio^l 4_1XJ^1^^1 C- ^-A^ IjlA ^jl L>jyX. 

^ 03^ <^^'3 ‘f LqJLaVI ^4 j l 5v J Jl2j ^IniJfc. JL^ 4^j-Oj^ 4.^4laJua (_y-Aj - 

' ** ** 

La . ^LlII 4 Li,u,iJL ^t - g-Lo L tJi 4-j aj ^JJ^\ 4 XAii JlJL jl 4^1 4 L.tii/JL 4 o-^>4 

.4j^Loj lIJjSLJi Jl^ 4Jl^ La ^ 


SIoaU w^JLuilS pjLjJI 


1 1 4^^^-3fcJLa Sji^-x^aj L-ii-llLjcJ ^LjtU 1 fcU 0^3 

^^^L_3tJ 1. aJjLf j ^ tr j)J 5 ^ 5jLc, frL ^IaJI ^jL 

j i <Q J '(C. “j-J^l (3^1 3~S'^ ^ 3-^3 ~j' ^ ^ 4jjJij 'k sr . i^ 

Lr^J Ct^ LuVj .jJ-'ijhJl 4JiJlj djL^JsiUi '^scuud 




A4 <1 AJ 




j—tti x!l ^„la %. a j^jJ S i 03^ tl)^ 4 ^< t,! 4_ju^^^LiIiJ 

•ijVI (.^UjlJ ^ a si ^ ~ ^ iiiij 

:>IjLa djiJlj ^ L A^y Ic iLander jJljV j_u; c-klJJLI 3 ^ l - j -w 3j j i ^) 

♦ ((C-tXM-ssi (Jjj 

L>^ '^33 C^ ^dxll OJLjLOJ i<l3bL-uJi 

j oLaL:^! jL^Lk-tj t4 <i t xa CjL^^-laJ ^ )i.*.} »1—c-UJ1 
JU^JLI ij ^I (^ I jg *^^13 Jlij»» ^ JllJ L^ ) L 1 ^ ^J 

<^3^ oy^j-^ 0.>^ lyd^ ‘j-^ ^j-=y^ cLUxJi c>J! • JU.I cy 

4 j^l c ' r I UJ * ^ ♦ 4jj.... 4^i,.A.I I 4Jl_^lj 4 -xoL:^ 1 cJut—iJaJI 

« »* 

diV^l *4 »^(—jl-JL3j 3-'i!u^l <^31 ^4 ^ V <*I>j 

*• 

-- W UaiJI 

^j-4 4j^»L^j c^l ^ r.i t . ..1 Ljo ij._iit£^ lW) ^LjlJI IjLA 

JjJL>Jl ^ »I,1 i JL^I cllj^i <-u (j7-^ Cji,4.:fc^n I 4 m.j i^g,lj^i>U 

jj^JU JdLujaJJI P.>^^ * Lul I 1 ^1 < n 3j 

^1 t4JoLi,u_u i^llljl t 3 j4>>j L- 4<ij 43 j 3^ udLiuio^V ^IjiJI ciiVjLsb.^ 

« 4 J t fiJI 

jf^-Lt I \ j-J^ j cLILLa ^jLi Lj^^jLj « 4 _Su-a 3 i»)) 44!^ ul 

^ Cf^l f^ -6 03*-^ 

^Ll^ LLo i^yc- t4i>j il^t! 43^3 >>■ ^2>^L4 -j V 

jl£Lil (jl «4 3 j3^ ^-6-*^ Cr^ ^4l o m t j i4j 4 -l£3L>- ((4 3.j3"^)) 

4_iu<jLoi,l i L^Ltfuj^l 1 a *V 4J 4 jit *4 43 j 3^ L^ 4^jxUll ^ji 

«• 

13^-^ ... Ij^l g,L4i• ii 3^^^ t t\ I 1 i c_jjL :^1 

Cjlj^^i_c.| ^jta juvlj L^j ) t i^j ^ t4 *Lt"ti 4 LL 0 ^ 

Cjljj.lmll IjJ 3n f ui Jl^ ^Lj^IaJI (jt 3jj 1 {(^djcll 4 jL^)) 


* f %% 


jj-^l iiy Cy3 -(jW^^ 



^^1SLp o* 


jt 4 Ujjj^ ^o-c ‘reality-as-human-construct 

iJjuM 4.a^ ^ j_^i^pjC,VI la^*JL>JI Aa-uJLxjj djLA 4-3ti<o 

. (J^-^ C>:?'^^J tfrLaljJl 


iriliU J»| 4|^>f 

ioUU^VI jjju ^aiiJI Jt .ALH 84001 ^ 

(ciJULoJIj iL^t^»JL^t . 4, Sj.,,^ t^aH (Jilae,."<) 4._uJtli ^^JlaJI 

^cl£.j i molecular biology * paleontology 

L M>AbL 4 (JI^ L^j • L^ZLx.^q^! jl.Ax-Vlj oUL^Ji {jr^ Ci4 aLjuj . jljJll 

•* 

C^J uM *4jbp-5iB-/a Ij\ ^ 

jiaj (j <ul ojUu i^jji ^Lu-Vi ,>iib .i>ij ji»i ji^ v 1^1 VI .ajuu 

(<vUiI l>a^ 0^ ‘bl«J uiiLJLA • L^i^Luxxjj i ^ T t^- ulo O-IU 

(J^.juau%i} ff.1 ^U!l (juLdlJu (4^1J1)I 4i^ti,rt!i CjijjLuiJI 

jLx^l ^ J^ij iALH 84001 oU^l ^ 

** 

(jX. CjLa^ajo ^Lua^l Ll! 4 

jL?t.>JI (jSL 4J Ltt JjuaijjJl (j^ lUfv,<ij JLA L<u>o 

*• *• 

(1)^ f^L^LJi (_yj^ jh •■"tu Mfais tciilj ^ tj|j «4 j ljj.u.icj 

^l-^t i I it I i ,4 aI (^jLmA ^ L I L ” ti- > »l^ ^jVt JLJ^^I 

»SjLLq^ ^AuLl^^I (^jJl 

L/a..JLtC aaWI 4.JKJ clL^I 

jj-LaJu^yU ^.g. ^ ^lx n JLi c Jila oL^j 

‘4.i-5eji^l dj.itJuaJI ^_yja dljI_>JLl ^jSfi ^.u^lc. . 1 ^A^ aLJI 

** •* •• I 

(j|^jL.9bjb l.,^ jJul i LjI£^.^ 1 ^Ij. "u ■»,*<>■” 0.1! 

t JjL^I ^LA4JjVt C^ i o 4 j 1 (^jJi ^J^jJt 11 a 

.4x9eju3 ^LoIaJ 4 ^u u L^I CjV^L>JLI ^LuI L 4 

«• 

<7*llh] 'tKi^A 4-4>^ -^,u3l Sji u ^l djLA 4, AJ^^JoU L .^laiLA ^cIaJI (jSta ^ 

Lc^ idJLjJL^ CjtjjtuJ 4L^ ^ ij JjLJl ^LjaJui^ 4.^ a^L juaJLt SjlSVI 

4x41*41 3lx > Jt JJU;^ Jjl^l Ol.4.4.^ L^jaxM4-ux 



SUall u^LhiIS 


VL>. (Jjia-3^ l- > j 4 ^ (j.%- 1 ^ cdiiixi (jt ^L*JI ^_yj^ CjLj^VI A rw 

.djjb ->jljl t^J[>ill rLftJljVI Cxjuaiwj L^ 4£.j-i-uil J n > 

4 _SjjJ^ III j^JuSj ^JL»JI ^J^ 1-jj-C.J tjlj-iiil-J LujiaL^-ja 

(. In u fl *4 <t jt^r JLjI I'-.A.i A 4^j (jrA5 <^1—*J1 ^_yJl 

«* ^ 

cjlfl iJL>. .(*LJI ^ Cri^' lililjt erJ! Jj 

•JUJ^ JLiij (jt OJJ (>» »(jr“ Jj •> > " tilal^ V 

4j ^^jluIuj La^ t_ 4 t )>4 4 4 ^^SLi!uil JLioTuu ^qIaJI 

(^Jl^I VI ^aJjiJl (jl ^ ^ j ^ LujJ^ ^ ^ ^1 IjLjI c^<jyj V 11 mi,a] 

^LftJI «j-nt rtl)) 4ja|^^_^ A 4jf ^^\ iLa 4 i^4 ^j-uM L^ (3>^^ 

LoJ 1 jjl *«^ t***i A 4 ^l^p.^iJl^ ^ ^ti ^ A ^qIaJI ciiilL%^ . LLj tlr^j >itt 

^jjjlII 2 u_ 4 jilllj Lot iphysical reality (jjUt j^1>JLj 

^ 'lA «. ICjI j L^jt j( i4ijoL^ j i C. 4 <7 j rt ^ll olxJt £;t 

«» 

aL^SLI jJLuau.A .3^-:^ ^ ^^1) 4 14 iiilL (JIaj (jt ^La.11 ^^^SLaj )Ld i4^ijoJbVl 

c^l ^11 ^ aL^cIaJI ^ j ^ LloJI djLiyuJl 

t^l—:^l (jryjj t^jUll ^1 • 1 ! ^ i ^t 4 ^^1 ciiSLiui-Jltt 

^jbtA^ U j 4 j aI^VLj tjjJI tethereal 

LoL^jl ^L|_<iuVl 4 .^^ d)l^ ^ >1 <i*?!<>t ^Ld 

J*^ lLILLa V (jSL! «((4 4 ^4 4jt jJb ^LlII t 

.((Comprehensible 4 . 4 . 4 A (j^Lu» t2uKJl 4 >jJb 



wjit ^ Md^ #is* usAttf ^yai 


j-«JL 44 U . H I jLh^VI ^ Sj-HIl JaHI jjjj ^>0 cjyj i>* 

«« 

^ u_3M:lL 1 theologians jr^jjbMJI Jx^ jjjj ciuL? ^ALH 84001 

cHL^ ^ ^eJcxLAi 3l j >. 4 HLoJL>.L 3 ijj.jVl a j ij. itt 

5j^ - ^>J1 i>A L_^ Lbjia^ V 44JJ-^ SL^ 


(jJjJl LiiiaJt aLoU. (jt ju ^ j .(jjSUt 4 j^ m 4 til L^dJUbj (3'UHt JIJ^uJI 

O-i-u-lJ^ t^jyaX tali Jjt |0 ^jL^| L>^ 1 ^ (1>^ 

O j iJt (UJL^se.A (HJI^ ^X^t (]^VI IJ 4-4i^<.ll ^l.Ir> <!l 




^JAJI lylft 6l^ 


ij^ <LiU3 ^ jl^QUj cv® 5U->Ji ^ 3^1 

L-dLuuLL^^I (Jxdj I A ijJciiiJ <C1^V dj^juaj JiJ_uiJI IjLA La IjjU ^j j ^ tJ 

4_j-ojJuaj JL£.1 Sr< A 3LL<-uI j^J (Cobb UJ^ Jl^J .(^yjuoj! V 

I3I 4.05-^^I ^iSLuJll ciUj ( iK 

CjjJsj L^I - ^j-ajjuaitJ 1^jI ju LqJj LLa c <L n 1 ji» 

ciUj Ujl^Lj l^j) u^i^S — jLx^xllI 4 JlILj oLul^ 1 ^ jB CjJLikj (,7^) 

«» 

*((^^^^I^iJl SpstiBl 4jaJ 1-^ 4 ji^(.*Il^i]I ^t (^>^1 iju*^ 

M *• ^ bJ 

4 ■j->'-.j-i.(JLI — ^ jJl jl^L-aJl!) (jCb i^tju-jj.! l..^ jaLl^ ^yAuSs 

t> >^5 V SLp. 2 j_^ Jj— ^3 LT^ ^j*-^ jm Judeo-Christian 

m 

fjujjL.^1 c^LLSLII ^i.IL'^jU-o^ 4 j (.11 nj 

yji l-x-jJuc j—tbjlj (Universes (^)(( j^LjlII)) 4-cK 



^ Lf(jjJU 4 lt j 4 ^j^l (jh-IuljjJl diJji^j >(^)L^ 14 jj>-a tjSLcJ V ^_ 3 -lb 

«• 

4 jL 11 j 3 L^ ^ Lt^ ai^ \ l^js oLjJUud |^l V 

dJLA JiLo (J^ U-^ (<:l^jL!lj jjIajJl 

Cr^i . J^LAll o^aAJ j l.t J.< ulo J ^ ijj ('')^jLai vL^SJI 0 ^ . 5 U>JI 

4 -lju-luiX 1 ~^Ja_ 4 ail S *1 '^*'. . ..Vt ^ i,„ "XX I * iC i . 11 ^ t,.■ ■"11 4 jULlLIj 1 a 

' *• 

(J 3 ->* jiC.L((..tI.I 1 . AiAj t;j\l.^La,(/LjUj| 4 _j-tl 3 j| MJi SL-J-Sti] 

^ 3 L^JI dj^Vl iiij- 4^1 j-tiUj .>^^1 J^\ jLxmjla^ (earth-centered 

(J^l 4 ,1 a(U.]Ijj *( 3 l^l ^Ij ^ Cr^ 

t A t aL hI i /. 1-4 Genesis ^ai-o 4<^4 ^jIb ( 4 Jl^l cJJt 

yja 4 -^^l jLj->-M-J ^Laej-i-ui-^J <!ljJu>> JLB (jjSu jjl Ca 

4 ..t(LujuJj^ 4 ^C^^l£di ixa-u 5 JI ^cjduL CjJLfclUl (JLb (j^j^l 

i ^ tic Yi.j (jl IjuI ^ ag ^ (..((. 1 ,1 ^_po^*i aj ^)): dc la Brosse 

cIluI jJj ( 4 .j;-(Sfc^l ^ 4 J^Ljljj jjj(Jl-SI 1 c^LiSJLb .4111 4 _aL^ La 

Jj (L^LlIsJ >LJj yj 4 - i_( . 1 , 11 L tXiili JIaj i>lB i 

♦ « Jl 2 ^I Cxi^ Lo^* Jti-^ ^aiaLr. I 4111 jjl jJb Jj^l 4 ju 3 iL>.j .4111 SjJLB j-Alia^ 
^L^ILa-l j_yil ('^)cajLu-u-jj ^-^1 ^ol>. JLaB J ^^-5 

a A. ..t Atl ^juijjjLtj (_ylJl (Murphy 1 -aI . 4 x.jJlla ^ 1 ^^ 

JLaB /1 LiJ^Li^Lj 4 JjjLAa ^^ 1 I^_B J 4 .j.%.^lxju 11 




SLiaU u^JLjujIS pJaJI 


jU± 


u"\ 






^If^t A AJcul 2 l:>^ ♦((L^ / .. mLiII (JSLiUJLj CjI^^ 

«» 

^ (3^*^ ^ ^<jia£,Vi J^J^I ji 

^j3-^ (J>^ * iLjudt La Nj l^^jTs I 11 rt Cj^JuI 

(^1 C^l. faM_L^Vi tjL.^ i it l A^^>LJ 1 4 ^ iJL-^ CT^I ^ * f.xxJlj)) * 

4 ._ujjJl CjI %V rt*< tI I ^ j uo <-^3-^ ^J^LjJ^ *((j_^^LlaVl ^1 C 

*• 

Ij-A S-*3-^ ^jJart.i <i£^ ^ KII <v .^Ja ^1 

4 o U'tj L^ U!j^ Lr^J < 4 _tjLwJI 2 L^jJl ol JuLlLsiil i^j£. LjoLoj c ^iriir a 

J^uIj ^ju^Ju 4 _m^ ^Jj ^ (J^LH 
(J3^ B4 ^I \1 ^V1 a a^U/iii (4 ^LjJI 4Jl^I IjlA IjJij..B^ 

ajjt Jljj Jj -3 ^La 4 La ^^-<-uJ- ^ < ■< h)L *^3 * l.)^3^ 

*• ^ •i 

Bjlj^ j *t < 41 X> Jul£. J_±^J ifcLu JL^ LIa ijL- {^ \ (_^i ^3 *^3-0:^ 

«* < M 

(j;;U^L^l Cj[ *i A ^juaj ■ V "wij VI ^_y-A La ^n ^ ui!l ^jl t 4 m a 

cjLLa 5 jL>.l 3 Uj^^_ 5 tx ^jl3 i 4 jL^l >3-^1! 

«• *• r 

jISjsVI aJJt JlLa <■ aj < >i iJ Jl^3 .^jJLI ^L»J1 j 

iHJjJ 4 jfc_iljj * LlIji Br 4 -SjjLj L ^ j-BUj V ^ u^ 

J^jJI ciIjL!3i Cjj^ JL^ Cj|jLua:>Jl 6^ 

ajuA 03 ♦(((JjL^I ‘-L j. j • ^^pajVI c-t£j^)) Bj-SLfl iiij ljJjL>. 

lLLB-%JU 4 L^--iL. ^LlLII C. 4 JL jUSlJ 


*L>^3^^3 <^.<iJIj jLoJLC-VI jl^-<M-4-ul ^jL-UD lL3J^.B-cuJI ^jA ^-LL:^ 

3jiJ33^Ljv jiljLcL ^'A • • j=^L, 4 jSLJ^LLlI (^)j^pijlLB_IiJ 1 4_4SL%-a tHoaL^ ^ ^ 

4 III l 53*^^ ^^3 -^ ^3^3:* BIjLII 4_a^J1j 4L^^^^_3». Bruno 

^ 4J-xL^ 4.^1i^^ ^^i-^ (J”^^ (^3^ IV B*« aj OjI£^ 44jj-iLJt uu.?ej La^ 

th^ll ^3 <**^ 3 ) •*LJ1 4 ^< 5 -^ ^ ‘ L ^ c. <,t„.<^ JL3 _ j^ljJi _ LUli Jjl 

6^ t>> ^-^3^3^ 6^ ol-^ 

oLa^SLJl '-^3 *(^ ^-£^>-«L.»Ji 4 <<^4 Vi ^ jj^JlBJLI c-jLB^I 

LLIj 3 4heresy w^LBLj^l)) 4-^1 ^..a J^LLa (^0 4-^1 

i^ B a ! 4 I u B*< 3:JJ—uaj t..<,^ Ca^-jiwIj JL^ 4jj-4a .ill CjLjC 3 -a.AU 

•• •• 

Cy^ ^4i>^ 



gijAJI xgU, 6l^ oc 


i^< < ti dui I i.uJJJLC. Aj-t-ajLllj^ t ^ tiJLlJ^lSLJl 

^ i < M fl il Lj ^ ^ ^ 0 < tj (jlxjVI t evangelical (2A-iLu>oVi^ 

JJuulAJ ^JJLjLO {^ A A 4jJJ/JlSJII C_)LjSLU 

•• •• ^ * 

^p3 4^^JjLot_tJtl (j’i-L^aiXjJLI JljJLaJI ^jujuJJIj^ *^JLA_JLi diLiV^t j| ^*iM f L^J 

cuUK L^i jl 4^1^1 V I jiA oUK 

^ <^jV) ^jjj 4^jux *^1 jjfc Lo evolution j>UlJI (jl f 6 

4.aK (_>-tt^j 4 McArthur jjjT <>^1^ uj-^ l)j^ 

a^jJb^bl Lui JLJj*i,t-^ ^t)) : l^jj). IIuLlm 4jb..La ^^JLuiba 

t 3^^i1 C cHj LjU ^ ^ ^L J '>^J I 4iili^^Aa.t ^ j ai I Ji 

9 

4«LujJb^UI 4^^ ttirt.n 4>J^ b^jj .((4jji.u!LJt Jjun^l j! 3ljbuJLl Cr^ 

.4x.baj T1 (.^’^ 44 ^^bi AlLxdU fjy^ ^LlII 4 JJI 

4^^.bltJi ^jVt ^J-aI ^ (,,7^ BjjbdJI 4 j^ l\< li j^lL-M Jl^ 

«• 

^jiaju (Jb,4 x--vl 1. ^ ^^jJ ^jlajS/1 4-j JH.t j l- dWI 

j-taJi 1 b<J lLILLa 4jb>. <j;l oijjj.Sl^l 

^ «• M «» 

^>-^>-« Sjlij 

_ A Ji _ »J 4 ^Lj jj—* _ «^l i-dJ j ob^ bwjj »tlji ^j-a j^laUJl 

j5 LLiJlj Cj^iIq Jl^ L^j! qmLlm\ O^J^i ij^ CxiJlil^! Cjb^-OJsJl 

✓ •• 

1 ^ Cljb^a ><li JJuJ t <j.^U Ji^^ruU dll j BL^ 4«Laj|j 

4Mckay ^ La.i.<£. ^ ^^'\ j j ^ " l t ,1 

«* «• 

4Jok 11I ^Laj ttu 4Huntress, Jr. jj 

(_iiilj (jb» 4^11^^.^ 4 4 La^l 11 4 rt*i u U^ 4^biaALl 4.ail.^^^l 

^ ^11 p.1 i.^^.Vi jL>>l^ < ii,^ s 4 j^^ Cy^ Lyy ^ ^* 4Uall 


i , 0 jJUl ALH 84001 jlxBa 4 ^j^l 

1 ^ ^ V 4^jJl1 j. jk.^^ <Li IftH CjIjJLuJ) JJLCr (Jl-^ *4 i.i 44 

^1 wC>iJ i Jl^ jjb^rutii (.7^3 c^b^l 1. B4^ 4 !^^.^ 

Cy^ Cr^ ‘cjj-^ djIj-jjuLjij ^JlBj ij.iujal JlS ^bal- t li 

(yj^ ^JL^ ^LlII (3^ (ji (_>^i>^i (Jba 4j»aVl 4jt^aju-J 

4_j^_c44-Iill oJJb ♦ 4 , ^1 .^ j ^lj-Jl)Vi i <!L.>J Lajj 4jj)-^ 4^1 (jJdb 




SLaLI i^^LuilS pJbUI 


I [ 4t>Lml 1 ji U "wi ^jSLqj V ^ 4_ijLJJJI 

«• 

L^jLst^s f^y\£. jjjJLl 3^ te l... i . > j ^jls ijji (^1 >j V LS 

«* •• 

J J tu iL^Uj ^JLJ^ . ^lU> 1 id tx A i 1^ (J^ 4, 

iljL. cr i Vl (jl (j^ Iji^. I r.j ^ ^IaJI < - < ^ Lii<:L^«-L aJ1 

43U‘iU ^_yA jL^Jai ^1 4 JL 1 JI 




^J1 " i -v l IjLj^I -^ LlJ ^ ) \W ul^ (3jLjju.ttJI 4i^,^LL 


iJ 


iiUi jjSH ^1 (>> JOT. (>c Jj. jjp.1 (jl£. SL^ 

4 4 tu \^ Cl A Ju5Ll! 4_4jL.dJljO ^ I JLJt-J_UJI ^ 

Jjl dJL5tItil CjLjVjJIj ^j_j£lidJI tj3j) j j <v^11 DjjioILa 




i^jMA <r>JLj ^ ^^ (Jj~^ 4 JI. 4 ILI) 

dJLJb 4-^jL:^ L^J-^ I^ 11 MfJ CjI^^LI!! cJ^LoioIt^l (3d>^ U"^ (J^ 11 ^ i41 ^ 

«» 

Ji^ ‘Cxtrasolar Jj^ u!«4jull!l ^*>^1 

jutjj *) ^^0 4_2£^.laJl oJ^ t j^ iPegasi 51 51 it! 

«« «» ' 

i4^L4J j t~4^ <V<^i JJlC t4 n uj LdJj 

a c. JL5UJ «j|^^Li-o JJ-iaj J^Li^ JjLJtJl ^L^jl dJL£j_4 oljl—liuj Jjo 

4.;iSljLlll 4,^1 >>LlH ojjljlju^ Lr^ ^1 4l^lAl! 

b1 <0141.^ ^1 4 » 't.aA Oj^uL^j 4j[a>-^Lli ) JLtO^ iSi Tr4 JLiuJI ‘T 

i ^ j4 t ^1 4*I| 4 /»J ^ -s^ i,T^3 i4.AjIj C_i^ 1 L^ ^1,1,4 ulILj 4_^-l-Xi^) < 11 

. ^1 ij jj.a1aj I^jI^ i4ij^ 

4^Luoyij i(j<t4 i.i.Jlj 4^ ■j-t-ilu.t 1 Jl 9*^ Lr^^ 2LLua.3t-4 

‘cr^ip'* J^?^' crS 2^-^ 5L^ ^ ill jJI Cilj-i^l 

«* «* 

1JL^ (^1 Jj^ lPI 

•» 

“ ^*ill 4 -XjU9L^ *J 4 i4-S-j 1 < 4,1,11 ^^.jua^t 1 itx^v Lj4^Ld 


f ^^l (^yJLc.1 (jl jl rt*<r.VI jL ur i LLI5[ aa icilij IjUs 

4-^yi iJj-2Jt Jjt_3 ^llj l.^ 144^ (jr^J t4^ Ml lit *4111 

^Ixj— 4 VI 4 <5[ 4J V ^^^,p4-LtJ! c 4jll •4lij-_c,j CxJll^ 

* i l^'^li ^lJ.ijuj( cil)j ^ 44]1 ^ 4^ c.iij/yj ^1 0^^ 41*11 tit 







ji ^ j) X :i^ JA 


dl_i_>. ^L^- T l- 'v I^ 3jljju v c-di—iiuli^l ^jLIij (2 ^ Cy^ 

SLo^ Jtj—xj 4 -^Lo **<-'>• I i.y—^3 >-*-* Cr^ ^l-AJba JJLp 3 jl>.|j viJLlA 

«M 

Lr^ JuJu-saJl IjlA iLuufllj (J-*^5^ “^-^0 ^ 

(J^J .diVLoIl^.^ LjIjjJlSj L>^J idJUjL^I CjI^Lu j^VI 

** 

^1 L^A. 'fc j ^f<<> <*<>11 j 4.^ ui!l ^H 4 A.dlj 1 d.!i ^ I'icu) i ) ^^0 


^1 4-c^ ^j.t<0 tollJ ^tJi, U1)I < 11 ^j1 AJJU jij.jA.»d.)l ^ ,t to t I ^LjC. 

L-sWi 1 Lt-iA. y j4j L>» LdLl^ 4jj i4-juLj L^ oj^ 

4_uj>.Ij .4jL^I t-JjJ 3jj^ji,lj 1 ^ ,f <0 4-fljllfl*<tl 4_j_i^ ^j-atill 

i 4,^ji i c-i^I^ ^ jla ^ ^ 1 ^ I ^^y^ j^l 

«* %• ^ 

/ 4 A t \ idj <3~tt oLj t ju^tl IAj. L I n a" 4 Ci .3 ^ 

3jujlj^I c-dLui-l^l ..x-dL 4 LilijJ Ij_jIL 4 ij^l o^ cdJj 

^1 4-^Lxi3l djJLxX ^L 4-4 C 4_>.ljJ 

«• 

. 4J^ ^^iSLIl 3^,cuTu A tLuajI 4^jLlt 3LpiiJI LajjJ iSLpHJl ^jl cr^ (JT^^■^ 

*• 

^^JLoILaJ ^jjtlxJI ^LqJUJl Cii 11 JL^ 4 jLi^Sfl 

^1 ya Ju V ij^pajSfl (jfJ^ 4__^_j_j_i^l c_dj^j^iciJl 

«« «* 

3Lj->JI ya JISL^! ic:jVL>Jl 6^ ul - ^ 

j.- -^ > Ji ^<i—C.J * LULc. ^Ij_aJ1 

Vi (j^ -^3^3 <jr^ Lr^ ^ ALH 84001 

3L:e_u3 ^Jj>..3JIj 4^Jl 3JI 4a.Vj^l 3j-3e-u:aJI dJLA 

3J ^ J* * ** ^ 4 „3r < 1 ^ C^Tl-jU 3Lj_>iJIj 1 ^ 

O^ 3^3 *.,>-^VI ^-ij yQ Cjj. Jl^ 3 1 ^ . ^l i ^jLj ^^jLlj Cjjj^Jirtill 

** «* ** 

^ys^3 ciAi 1 ^LlajJI ^ lL!L]lA 

4-iJlj C-t^oj * ij-^i-J VI V 3LpiJl ^jLj 4ijLaJi 4.:fc:>Jl t3l_i:>Jl 

ya i-Ag'l-^ ^ i f-'•^^3 * ^i J) ^ ^ i (jt ^***^ <i i i u t4 

VJ Cxi Ijla ^ ipanspermia J^aLfJl j>il 4 j^ 1 j jl^ilo«VL ^ jujl^ 




iL_l->J1 ‘ Ijj_>- 03 ^ 3l.j ^ \f ^,Lt 311 ^j__txuJi ^ji (^j 
. ^L gUJi J-l T i • J J «Cp! C>^ 4-^ t.«.a3 ^j| ^ < u ) 

-aLq^ 3^^->>1.x-u 3l j >■ n ^iSLtxtVI ^■^■■'^ti 4 _^Lc ^^i 4_dLxx£ 

^>-40^ 4 jjSi-oj .cosmic seeding j^i c>^ CjLii jI cul^ ^ 



6La1J u^IjuiIS joIaJI 


SL^I JLSLlt c^K ljl La .^U. ^ 

^jja \ ^ jtj 1 ^ ^5 ... X ^ *11 JL-S i L^j) <*<i ^ 4-a ^ 0~^ ^ <11 

• UjjjU^ jf 

1 1 ^<1 nt 4.^jJ Lr^ LLui^I oJJt JlIcj 

jJj .^jjJLl dLu>Jl JLolo^lj 4 j<<i (-flLiful^l 

-iJLcj i 1 ^ i\£. 3l j ^Jl (jSLaj 4j 7^1 • tl jjulI LuI^jlSj 

^Ja lj < << J < ■« lLUj (jI JtdUjIjJl iJjL^Lj SLpJl 1 Oj^Jo ^IjJtll (JLUj 

L^ LftJj ^_yllj| (]^LaVI JJjl! LIjI^JlSj 

»iiJI 4 • <duL^i cjLai I nil 

tCj L» ,-4 " t. ^U dJub J!L^ A9^J O*^ L>^ 

<<|1I *(((_^itJjJLl 4 j:kjJ 1)) J!L6 ^-iLo iJjl 1^ L^lj oUia_>.^Loj 

«* ««r 

Cr^J .^jrji^lx, <jj-aJL>Jl 4 • 4 Jj1 JTlcj (jl O^ 03^ ^ Juul L^jI 4^j 

<>11 JL^lB t4^i nil CjUIj^^I c. <lr. I ^^ (jl j*ll JubLifii ^Ij^ 

^ «* 

C«~,^I JL^ diljtj^i oJl^ Jij1jl>.| ^J^LjlIj LoJlIc. LuI 

CjjIj 1 .^.L^j • 1 ^ jir jL<CLc.VI 1 ^ t fl V 4 j:^jJ 4..^Lj j-a£, L^t 

4 j ^ Cr^J O^-J -^J) ^ LT^ jl ^ ^1 r 2 i (jl^Ldl i^^^jJLl ctj JL>JI ^^ 
u<> <ll 4 _l< <1 <11j 4 11 Ct"^ u<iiJl »1 <1 If" ^ijJ I Jlj->> 

^JLLtull (^ ^ 1 1 <11 i Ouck soup «i ill ^Lfaujv)) p 1^^ * 4 j^ ‘*‘‘ ‘ 11 

< I Juk 4Jlj_ui L7^ >^lj M C ^1 LjI i(J^jLc^ILi_u ^j^» • 4_ujLli 

^ <*•< j~»> i4.2_j_2u>Jl iL-ofljJLl 1J-A Cr^ 

*• 

Vl <., f J 4J <4 j 4it,11 j-lfluJl 4 U-^J ^jLa (j^J 5 jlj-ajuJI 4j1j t^jJI j-A 

w* 

^j-u^-«JLfl i^jLo (J-:^-i L^'-i-l >^1 4^ ^P_>.J . t Uj < j r (3*-^^-*-^ (jl / -J^JL-uaj 


» ^ir 


LLaj 

l.^ at <^ ^ L>^^ CjI aI^ ‘JLltil J-j-j_<-u 

«* 

, dULX^\j ciJJj 4^1 fr^I, 4^ Ll-^ 1 i CjIj^ In <11 ^1 1 <jl*4 _ 

^-ojj ^j-<a ^^^-A ^In Ill <^JL>Jl 4jL-ulaj' 

•• *» ** 

aLLi-V 6_>i^ij aJ-^' <J-Ij -sjj («J L^) <>1 

(ol^i o_oJ aJLLI ajL* ^ .UFOs 5^LkJI iULS/U a ^1«-1J cUj 



lyU SL^ ^ lii-uJI 




^ > J Ijjaj .(L4jL=t_u»! 


4l>. CxjL^ La A »J 03^^ L>^ L>^^—Sjj-Laj-A CjI 

•k 

^ cj,. j 4^1 jI jL r.Vl :4_i^LuJl CjIjJuuJI t_4^ijSLII 

c,<-:xj cl)ijLua.j>Jl aLaJjlH >.iLa"ifcj * 3LpJl (J.aIL>JLI ^jjJLi 

«^J« aJL 3 jj-:vj_a L^I Lt <3 a Q^SHIaa V 

*L>^y^' Cr^l (In^^ C»J! 

*4^jf V oljLi^ ^ a^jlLuV ^\jlA\ JLuSl^l ^ jAiJI ^1 ^L^t 

«* 4 * 

aJ^I tiilj ^ J^Vl (JL ALj-:tl^t J-iL^ 


.^L^l (1>^ (j»f»~t (^jJI 

i^LuaJL JjU:; ^t 4:;..^n oi <j^ 

♦T •• 

A11aU 4ijL^t ^jjac.>JI — 1 BLokJI ^J-aTi, ^ 

^ ^ISLa] JLju3 I - La^! L^ 4.jljLJ11I c^Ij£U 1 ^A-LaJ 

cIUj iiJL:w ^J ^ (1^ e-tL^LoJlLd .i^..!I 

l_l£, i,\ St >j ^j-u-A-tiJI ^^.:y.JLJI ^jj jj < <t .A <» tl LLaUoj (jyj 

1 jLs * JiVt C^ 4_aLAJ.I C AA < >> (JJ-:4^ 

^c^Ll^xII ^j) ifexli 4-Aft 4^LLL)I a^jjJ 

^1 i.i^ A idu cLjUoLL 3^J-^ ^JjJUA L^ i a A J ^uO 

.LLlSIj ‘'-^J>i>-^ (>* (J^ (^ J-^)j _ 

^^Vl obL*;^l (^JbAJ ^^-jJuJI ^ iig a** i ■<. < j- > V Lj| ^A-^j (ji C.J 

{jljJLau cjljLua->JI djLA ^^3-33 ^jLH) ^L3->JI i^LLJL (3^-Lb La-^ 

Aduui^xscj^ ‘ (^Lj L^V^Lb-A 

«• 

^j-udj i^L>Jl tfJLA (jr^J «4 a^Lu^H CjljLiVI j—i-£- (3^J t J3 13 V 3jj|.t^ 1 

*• A« 

ijj-^ Ll * 4-*-L>lj_lll A5^ > Ii Jj^-=^ of ur^ 



(> 


CjjjLil ^1 t(jVl ( 3J ^Oj-^ L>^ t^i A 3 

^j7* 11i lJj^ 3Ll>J 1 (j-A *3i j 

i±x?e_JI jl^L^I j—^-i-aJ( 4 tL*^^ c-aL<3t35>l 4JL.jJI ^jJ 

3^).-seuu:JI 1 a J, /r t3jyj,,t, ^ 3jln^ '■^ Lio-^f CjIjL-ajX 

^ L 4j^ 3 -tt a CujL^ i4-L-u ‘J'jf 



4LcdJ (qJikJI 


(1)^3*^.4_AL5t-u3 aj A ntl jjLu i^LojJu^ 4 j.ju3jI V 

(i <1 i^\ 4Ju-ttil ^Jh \ Y I**i • i,.. \ I jj L<ui ^j ‘ “ (^JlII 

«* 1 * «* 

t La^ jrj-ju-ttJl 5 Lj->J^ ^1£LJu 1 ^Jf S Lcii 1 ^ 

uJl u^VT X^Ct La! \ [^ \ 3^jUljo < <.<Ji juu^ 

^ Lj 1 ^ J11 djLA fl t ,>i 

L^ iALH 84001 >iJI iAjua^LxJI 4jljaIbt-« 4J^ i 

«* ^ 

U JJJL^ ,_^ ‘^jS:JI 5Lh>JI a .^-o 4_»5 Ij 4JU.^ Jjj jl^ <1>T 

^ J ^ ^ ^ (2^ Clu^^^-Il (2?^ ^ ^i,< <> La ^LCr^ .i o t<!r^ ^Jl t ♦L)^^ 


^>A Jj i4j ^ ^b-^k 

4 * «• 

jUoIul jj^Llll IjlA (Jlj-J Vj , 4 -^^tll In ill 5 Lj»>JI jj_Lajj ) 

L^LuijIj iSLpJl ((^jJjj)) (^^1 cjIjjVI ^jul^ fjji 1 >q" )j^ kU Ll^Lifuj^l 

4^L>. j! 4.j^L<^ 45 ^J S • A aj^jLAJ ^j^l ^^LaVi l^Lui^IILi^V 

<•» 

^ In.m »ll (3^ L^Ld-ifiu£L4 (J.jl,>o L^li i V" t <>l ^ 

^_yji a <>l I^^LiIIi >^^.S[JI 5LtJ><l I 4 4.J (jr\ I*() Lli ^■■c.i.tiJLm (^7^1 

.^<£L4LQf ^^7) A a I 4 JL /0 ^2 lilll I Lof i4JL>.^l 








03^ L>^ (-jL^jIj j.aB_>JI ji ‘.Meteorite ( \) 

- ^>Lal^ IjjLp Jwl u j 

ciilj cijljjJl jjLc. ^_yjl, S,l*i (j-a^Lu «I)):JJl_MaJiJI iDecsy 

.^1 SjjJI «CJ» .uLai .iaiji.II 4>j_£:LjLji| SjLxi ^_yj3 uLsLuiuJl 

•C^^' - J^J • jj^LJi ‘.Pound (V) 

.National Aeronautics and Space Administration : NASA (1) 
.American Association for the Advancement of Science : AAAS (o) 


4-d^^jtll ‘j ^ u.*jbjL.a 4^^^SL«aJl :Skepticism 

M ^ ' 


-\^ri) ^L.Lm. jjK :Carl Sagan (v) 

L7^ 3 ^ J>^' Orj-woO Ijjj 4 -l»J 

*(ATP) CjI a (j^ t I Jl^S CjLIjlj 


tvIj) IxJj ;4j_aJt CjLuISJI iSLLaJI 3^3 

4jU^^U I ^ JlI^ 4a < tfLi-iiVt 4j^aj2ULll v,^\jl>> 

^1 .>Ld*tJi.j ^loJi ila CiJ>Z CjIj^^ jI UV 4 x^.4,4ia< ill 


LoJ cljj t LJ5^ 2^1-IaJl j>iLua-« Cjla£).^l 

li 

4.J »1»JI 0*^1-011 ^loA.^} (^i^.3t--JI) t>L^jJi tpeer-review (A) 

jLitl J^-?d.l (j-uij ^11 JJ£. 4_fc:vljJL 

./4.^jJlll .. 4-L«XtJI di^.:^) j A.ilt 

oIjijLjlLI ^jl.rt,4.11 ^LjiJs j.i c. SjI_4 ^ jl-&L«!uJ 1 tBlank 

.^4.:w^^uJ.I - djJLoJtXt 



6l^ ^ liauJI 


^ ( 3 ^>^ o‘^^i>^ - <*-i^LjuaJl 4_liJI ‘.Control group (^ *) 

<-^L^ jf <_p3jJLl (.^L^ <J:.t^->- ^j-a («-1 jVL>J 1 (3d>^ 4_«-uljjJl 

_ 4_iLiijiJ ^ ^ i 11 Jl::>.^ La t4^^LlL>.l ^jL^tlu-aJll 4 j>iJIjl1I ^ ^ 

M ) ijjLdJLl ^«.j 4-4-**J - ^^11 tT S-II jl (_]iL« 

fcM rj ^ 

*4_J1 4_jjJJL 1 jaJjl <Jj mi “it 1 • ,"i a TcCtOnic ^ ) 

.. clUj f^j£. 4,i iiuLlJt jJlSLiojVlj 

l_^_Aiit_)^ *^-^i •'• jl-Ls jl oj\ —4—tjiLlajK tDcbris (^ ^) 

cjL^ jI jj ^‘.Fossil evidence (^T) 

. ^ 

-M _ t u ^ L-^Ltoj ^j,>- ^ li^r 

.Polycyclic aromatic hydrocarbons; PAHs (H) 
^Li-ij 5 1 i^" 1 i L^\[ Aa •W M<VI t«Nlctabolism ^ ^ 

L^J 3 t4.x>dl 

4 * 44 

jl^l L^J diL^LiiuJJij Cljl-ii<at 1! 4^j|^^_i^ajl ^L^Jl 

^JlIXI *TlL1 3JuJl>J1 

.^^1 « jujljkJI ju^I tMagnetite (H) 

(JfJjdl o;j.5j;-aJ( jL>.i ^IjJl toLiiVl tBurden of proof (W) 

- 4jdll ^■«.M'^ Vlj t La 4 iLc,jl 

• _^ A 0 ^^ (^LLaj^ <_-ijL-^j < f j lU Dolye (^ 

i4—4—1 AI fl > (j iij 1 i ^ ^ * T 1^1-^ ^ ^ t u < ■ < I (^Xc 'V 

Li.ajj.3l 4^|jL^I CjLuxJLJLtduXl JL>. I ^_y^ 4_u_LaJl 4jLajL^ 


S^uULLaJI 5jLu-4iJi C L^VT Jl < i Asteroid (^^) 


4^31^1 

iV 

Ji, i_^L* <^j^ -^3 *s.ji ji jji c^jJll iHalley's comet (T-) 

.(WiY.UOl) JU ot j. .labjl (oJLcj(^,iUJl f.^1 

iJlX i 4 I ** 4 .^lxiLj jLftj ^ ^ JlI 1 ^ ^uJLI ^ I JL4 ^ / < iij^ C)^ c3^ ^ 

.. .. 

jljJLl ^ i>> j-LxSj c^IjJjlJI 4-Lo /T0 4 

L-lIL^ a jL-JL->Jt /Vo 1 <u-u i4 _UwJuilU 4-i^^,.<^^t1 





^ «• 

J^ikJ (2)1 t 1 ^ ^ ^ Jl^^ . 1 A ^ Jujai^l 

^Lc. CjLa jL-ifl ij^ Oj-^ - ^VOA ^LlJI cLc-i-ul 4 j . l c (3^^ c-ujJLI 

._^'^AYji^“^*Y t\ 0X\ cjI jju-uJi ^‘'’■U-^\Ld <iija_> (jjjJlj _W 1 Y 

%* 

^ —:feJl]l ^«Jlc.j astronomy aJLUJI ^<i_k. (^^-a ;^jj—j-Ji 5j_j|j ‘.Zodiac (Y\) 
^Lui-/j jlJUj ^^jJl ^jU-mJI ^l>>Ji ciUj iastrology 

tCCliptic (ju^ ,> r« i t 1 ^ j. <tit, 4j^_ALlaJI S^^ijlJl ( 2 >-^ (J^ (jr^ ^ 

«• 

^IjjVl i_u__k.! (jl (^1 lj_J^j .(^l^Vl) <. jidja 2u<j^L_c. ^ Y 

3 -lIal ,.X n. ^ iCjl—j(j_i_>. I ^ ^ 5j— jIj L_ibj— j-X. ct— d^ 

M 

jl *<(CjLi) 3 _pJ 1 djjlj)) ji Zodiakos kyklos cLajL^II i 4 Jr. 

(_pJ1 zodiac 4 _j£iuiJ L^—Uj .(Sj.. cuLJlj.j >.J1) tazodia 


_ 2;V1 j*Jiit 


i f,uJ 


4J| 4lira t^ijl ^ ^t4 ^1 )LiJl Lxjx^^-ILjJLI 

I—Shamash ^ ax^ ■<"!< 4j^l >'■ 

aS iCutha 13^^ 4:iujua (jl_^j ijjuSdij (_puok:;tL»* 5 jl£.L-uJL 
•• ' 

_ uCJjJL!)) l^<4.«-ul (^JU 

4JLiL^j c.i_)l^j 4 JI (_y.a t(j.jijji ‘.Arcs TYY^ 

dLul 4^JL?tij i4j^Li!alt 4^1 iEris 4Jli^l 4L^jLaj ^ 

(^3 .Enyo ^J^\ SLaL^io^lj *Phobos Deimos (j-«>«j-5 

«i« 

4.<qj J S 

2y> 0^ ^ tMars (Yl) 

«* ^ 

^ fall dj Jk^ 11 <A) t L^JI >iJIj i4 iLaU jLaJjI^ 

Jupiter 2 >:iI 4 JJ ^ ‘^i c>Ji 

2)1^ 4j^ 1^ !Ai^ I Remus Romulus *^^33 tJuno 

XM ii i 4 -IjJJc Ir^ I t tM jlJI^ 

- «(_>"J^ f.Luf» ^9-Lilt ^ ^j uA jj 0>^-daj (jLajjJi JLoS 

jLaj i4_uUj^lj L-tc.jJ! Phobos 4 JI Lul L^-a (Yo^ 

1-40^ ijiljLcVl ^_ya <-^jJI cLt^ tuLljljtil ;>jJI^ LdLsIj-d (jL^ 



^ SLp ^ 

dbl l_3j_>J 1 4.^ Iui tDeimos ^ ^ .r. 

juc LLJI 4rt Jo juvl ‘.Brahmin (Yl) 

ciJJ_ <‘Jc^Ijd‘('‘^^'^-'A‘\‘\)jJ^^jj _G. Wells (YV) 

j-6^^ 6^j t ^^ui i ju_>ji jijj j -i 1 J. J 

4Jl» 

(c^i£j t(J^x-4 i(^ ^Ao_^ ^^ o) jJj ‘.Orson Welles (YA) 

Citizen Kane <i(yS ^jJol^l» 4 4 -ljj _ *j *<j^l_aLu <.« 

_ a^Ltit I ^iu mil ^ M ^ ^ 


(_y3 u ^«Ic. j-Aj < 1 ^IjlII :Cosmologist ) 

_ 4.i<i.j.oljjj ^juuoLkij ^ijti) AluJjj Ut5^^ ij-^i 

4->_u>Xjt^->.aJt (4jajL.A^ca_4 cJi.4^u..*i^A j I : Serendipitous (Y) 

^■3^1 ^ i.tii.ii ^t ^ ^ ^<-tt p.1 ^ ai i 1 , f^ 1 4 .1 Ly^3 ^ 

i-JdJI ^1 IXdb Ji-j j^j *c3>-4_^UVL t Blitz (T) 

^LaJI 4 rt.L:>l^ 4x.^^..ciiJ ot^ 4 j^^i1>uV1 

' «% 

L^j—jt i4_iJLoL_>Jl *_jjL_>Jl t ^ ^Y^ 

.^^1 _ Blitzkrieg 

ijujl :apocrypha 4_^>Lc j‘.i (') '.Apocryphal (1) 

O^J t(_y>ii.X-Sll c^UiSLil ((^Ju^l 1 1 ^ tjl» _) bl J -wl ^->.i" Ij. /a . J ^ 

✓ 

jl 1 ^ j_yA cil^SLuk^ oljllt^ (^) * 1 ^^ cL(jlr<-t 

(iH* cr^! 


«4-j^V1 ^juxilJll cjbV^lj juLmI ^Lbt jL^t <( l» :^^^SLjL^I : Yankees 

I «^)) . 4_;j:Sbj—A^l (Jl-q 1.^11 CIjLjVj fLbl JL^I «4_j» 






I < 0 ^1-^ < <■ -a a U\^ \L-fl (Jjt :QuadrEntid 

tBnicalassi ^^LLajVI ^<lAj l J_^ ^ ^ \ AYo ^LIj 

^ UVAj ur * ^Lc ^Lu ^ ^LUI ^ <2jLIa:v>U 

•• 4 * *• 

cr-*-“ -iSj J_yl£. ^jLujUa ^ (^^ j^lAJ i 

\^\j>- jljLj ^ 4jV ^«vj-uLj 

o^aAj ^ i^jJlj Quadrans Muralis ^Ijl^I a j *; jJi ( j . . . ^ . .» j 

^ ^ ^ ^ i <■! "tt i ^ t l d -g_ ^ 11-< H 4 1 rt 11 

%% 

^(Bootes ^LUI ^^\j) S^\ .Hercules (^1>11) ^pL^Jl 

.^j:iH - (Draco) 

^_yl^ 4 j^‘ ^^ dj^l-il^l ^ a ‘""^ jlj u iPerseid 

ta 

4lj_^l Laj ALiftU 4 ,^JLc (J^<-4J (eJrj-ju^l 4jj 

^! >dA? Jj^ C7^ 

Ur^ CjjL^I Lo^ 4j^i.-LAiJ 4 j I j 11 cIl)Ljl*i^Ji 

1^- i^ ^ _ a a^LjI^I^ 4.jJuu.^i 4 ull 


. oU ^ ^ ^ Y ^ ^ jl^ 1 jjl^ 

IjJI ^1 c^L^dJl IjlA J^^ln c^LfuI^I J 

JijjLstj ^ ^ <-^ Quetelet 4-^1 j “< j^ 

^Perseus ^1 i 4 <«i^ I ^^.tiu 

.^qjv^^uJLI — ^cj-uVI ^_^ILuil Lxa 0^3 

jl-l^V1 ^>9 cjXjI^I ;>a ><>Vl juu :Leonid (A) 

IjL^ ^^yA < 4^ Ml 11 \^J-i (jl 4^4 -i^VI (_^*LojI Lub ^_y^3 (Leo) 

Jj* ^J±3 • j-i^j^ Cy^ ^LJl uy^3^ 

Jjl jL3 ^ « >> ^ *(^ ^Y -^Uo-i) ^jl cj^j^ iPeary (^) 

5j.$L^1 Cj^Lo-^JI ^y>i ljJL£, jLs ki lUj^j t^jJl A4rali (wJcLdJI 4jLa^ 

«% 

SLtJiljJ \Sj-^ 4^l\<1.^ 4 AI CjI j 4jljLi^j 4"t tX>s^\l CjjI^ . JLj^LujL>. (^1 


cr^ i* ‘-Aip* cr^ 4_a^Li.j) 


4juJa^i 

-■ 'y 

h JjLLd fj^ Cjl^ :JJuJI ;Bungalow (^ ' ) 


^ i 11 ^^JoLifu 




^jaJI ^ A->^ | 


cjI^^JioJI Ci^l^I O^JtP^ :Shrew-like ^) 

.^jJlil _ :Paleobiology (^ Y) 

L^J 4jua»j_*JLI ^LuiVl (j^ ^ :4j^jtiJi :Weathering 

JjL>J A M > jf i .4 ■ cy^ jl 


LJ * 


*—^ cr-^ j>— ^ J - ^ J-e-^ 


4 -j ti a 4_-ft_a ; Nunataks (U) 


^j^USU Ja^jJi ^>11 jl cJu^yi «l»: (JLlU :Topographical (1 o) 

^J.4 -^^j) 4 I arl^iii .ll dii <1 Ml!! <(cj» ♦ 4 j -ar-l*! < ull 1 ^"i ^ ...t j( 

- ((i^! ♦♦• Jlj ejLua^li 

y 

>1 ^ 1 I ^JuiJju LiiUJl ^aS£. :i_iSiaJI : Astrophysics (H) 

_ 4^1 <i f.nll 4^ljy_^! 

4 j ^u 11 jj 4_}jt_uJ(:aJ! j^_yA OJJ.JUS ji 4.^ iCjJLxuiijjiJl :Gestalt (^ Y) 

(j.ga-Sl dil j 4 jui 3j >.j lJi j jj ti** jifcj 4-1 <ql£jLo 4_j_^ jJ^SLi-^uJ I jt 

4 hrt 111J >j ^1 1 ^ t) ^cuua jj—aiAJ L^l^_:^l LajI JL-ft-j-i-ul V 

_ 5j^j-£3 jI (JSLilu j_y-ljtAJ 4^ULI 

jl_xjj (jjUlj 4_3tjljJI ^jL-c. j—uaIc. :Argon ^ ^Aj 

c-x^UVtj 4^11 <^(JJL 4_t^LifcJ CjijLii-ll ^Jy^J 


Jt 

juua-^ .u-ttj ^ :Rosetta Stone (\\) 

Jicl-Ldu 4j^-uaJLI AjjOliJLc ju-i^ 1^ 4 ^Lj^^Ij 4^I^!1>4 1 
^_yj.u CiLij—A-ail ^Lx-j ^jJJtl (^Ju iJjiA jy-^j 

-()ArY.W‘\') 

^ 4wi ii<j-d :Smithsonian Institution (T') 

Juuaj^j 4 ^Jl>. j^\ ^Ll^VLj i iJ LoAuLd 

^L»J1 ) Ail 2_i_u. 11 I Aj / d_ * A i" ^ L7^ 

4... .tijll i(^AT^ - W'lo) Smithson <v..<i ^Lkj^l 

tSl ]\ ^ J t ^^juoj frl ^ ^ A 

, (^ l"f ^ 4 4llxduj A^,lr<xi4 ij^^j ^u\s^A ^Lu^ I 




|JUU9l90il 



jt j i ^ y ". :Microscopy (^ ) 

. I — AuiIaxjj 

a a <, II ciiL^ j. .".t l j . : Exxon 

_ 4.j!SLj^^V1 4JjJL4j ^ I 

Manned Spaceflight Center (T) 

01 (^ ^-ITJ ^ W) ^1 4 ^ ^ ^ ^ (1) 

^Lu2L^ •^'JLJ 4^Lu 3^ 3jL%ai.l diL'^jJl 

Oi Cy* 0^ * 1 Jut tCjlj)juii J <^ir jj.ur> a 

(jri^ uyXil jU^i 

M «• 

jIjIj JL.2^^ iOLi^^LTJI ^Lljl CiJiiN i mi j dil^l 4 

4^1,1^ 4 Cj-oUdI i ^ ^"IV j.frl 1^ 4 

(frLoia^ jljj Oi-i 0-* 0^-^J Cu:*-^ a\}jSj i jljj Oi-^ 3'>^ 

^ cr^j p-^ ^ ^ ^"lA/ \ * / ^ ^ Y jJJ^i C^uol^jl 

Q I (3^ ^^ ^^ I * ^ ^^A ^■■1 4 un ) J .frUai jijj 

«* 

^fXli <Lj^u^^V 1 4-^Lua-(aJl CuL^jJLi ^jl C-ol^ ♦ ^^-<-u) <_^jVl ^_yJ| Jj-»J 
t \ /V/ ^ *l j»jJ CJ-XlLsI < 1 1 jU^I ^jjj^ j n (jd^. ‘ t-»j j ^ 11 

' »* 4 M M* 

) / \ i C4.2llajl) ) T jil^l Ca.::^!,:^ cllJ j t s-LuaS jl jj 
< 3 . ^ 1 1 (^^1 LJ^ < 7^ 1 4 J ^ . 4 \Y jJJ^I Lflt i^.,4 

iii^iuJt LajIjij J.^^ *'-‘- y *‘ ‘cr^J^^ LajIjLo ^\ CjjLx-J JXaC. u..* i mu.\ 

^ ^ 

cjL^jJLI >—1 1 r . ^ j 11 >-a1I Jo jj g i I I 

^a .-.;;lU !) W 4_^>ll oiLSj (^1 WjMjlOj \ i 

^^1 CU.,,.Uj ,J n all 4_jS-^i 4-JL 4 iUj j^iiyb(UVY/U/V 

J>=*=-^' 0^ 

(ji i>a 4J<.^ ^jj cjL^ -.J^oJI iJJj-j-LlI :Micrometeorite (o) 

4 * 

r-y^ 6* Lh" 




(jj \\\i ^ -.Electron microscope (1) 

Lj-i^ LfcjLud cjLjjlP^!^ i^LxAll j»j-aKJl Borgile 


jjl ' 1^ ‘ >A u? ^ (LiJUj j_yJJ 4jBLi^y Ljj ♦ 

Ly» oj^ o^ s-^ 4^L*uiJl 


4_^^ 4jV 11.1^ 1 Ly^ ‘ J— «^i ■ *H rtH dj i^yci 

4 t. i*(<Vt 4-^^^_>. ^jjuajj .4 _Li_*JI (_yJ| t^jA Lc.1jl.lIi CjUj^JISJ^I 

_A JjLb tungsten Ji ..< :» rJi oLLu 4Ja^l^ 4 —i^SLIVl 

5M^L . ..t Ijla diljj^ ~iSv 1^1 ^Ljl_lL (J^o^ (ciUj djuj .CjLjju-lSl}^^ 

. jjp^Ji ^J^Oe-luJ t4jj t.li ’^jJL^ <Cjl-L4 i JL t ll ^OLuaj ij ^:i^ll 

tvacuum ^ cAa^jJ^'^S ^L*_d j ^ -*41 J-^ 


<-ti.^,) 4ijjj£> CjLbl-4.u..a JLalLjVi CjLj| ^ l C JV t-.xj. > . 

d U . ..Ij t 4.j^!i ^j-Cj ^I^LauciiVI ( jLukJLl JojLiaJ) 


>6“>^ 


4..1 CjLLulJI if^ (^UjJj .4 _u 3L^ dll ija A 


^Lll j ^ y X.\ : Scanning Electron Microscope: SEM (V) 

a ^ Ji^ * aI ^ ^In. 4 .a Jl C, I 

* «• •• 

CjLdoA^j iCj 

^LJI J djLjj^JlO^I ^Li-lu ‘J i ljub t_y^J ♦ 4 j Lj-i*<> 4_loJLC.J 

i^-uL4J jl dJj ■'>• *b _ djLjj^-jSUVl jj_>a ^,lla}j (^jjl - iiaJI 

t.. _ 4 j^LiJ1j SjjLljJLI _ d>Uj|^Jlf\]Vl ^jLc-jj ‘“'* *'jj • 4-u jiJl 

<iJ^ ■*-.'ri 3 j_jLx 11I djljj|^ll£JVl^ detector 4 a .^,1 ^ ij • U 


. 4.>-^^jlLo (3>^ d3ljjj.j^VI dl^ *»rL~i 1 <lLj 


lLjIqL 


4_^L3 4_^j^J 45L}| (_7-ic. Jj iA>JI 4 ^^L!lJ 1 djLj^^JiSJVl ^Ijl.t uii 

«<ol 4*11i 


:Transmission Electron Microscope: TEM (A) 

d)LjjJsju/a fjjQ t^jjfcH ^ l3^^J tjrtJT 4 1^ 

• dj 1V 1 ^L t ,L4t ^ J ^ ^ ^ ^^ ^ ^ I dj I IlH L ^4 ^ LioJ^ 

^^jLc. 4.L t,Ji (J^-i^j (J^-3 4 jA^ till 4-i^JUiJi djjjj^ri^lVl 





y^jlj CjLj-uJlc. ^>Sjj 4 tn'iA 

jL^ ♦ ^i>^! h-^ 

_ 4^-1 nit) <^;\*JL) 4^1jj| CT^l 5j j | irf^l l 

*5jjL» ^>L^j i ^gV^SLAJI (>o 4^b 45L*_^ Oreo cookie (^) 

Jt 

Sj-Jj ...jULim ^LstGjVI :Magnetotactic bacteria (^ *) 

^ iBlakemore j jl ^ ^ ^Vo (^/Vl 

«% " 

dJub j^JiitJlxuJj ‘L^L^ ^ ij . .Xl ^j^Joa 4jiLi_A ^^^ojuuloA 

(. rtin ~<t > (^ ju, L -y -(ferrite) oL <;...i < n >- 

4^^ o Mln 4_tjuajVt ^ . ^ ... jl^i *« i 1 jjL:» <a.U IxiltAj 

^1 Lj^'i.^iH ojjtj .Tf-jiscjL^ i^^Lo-iiiiJl <.-lLx2J) «— t >iaj 

4—j_ m ^ I n lJjL U ^l_>.u_ ■ ily* y •“ Cj^ ^tJLi_j _1^9 t!_^ 

^ Lj j^C«n magneto some s 


0 * tj.j> WjL>^ ^ ‘ T * - ^ * 

.^^1 - f.^^ 3^ aJLUl iLiJjSLiUl ^M<J1 :Uj3 :Doubting Thomas (t >) 
^IxuaU ^1 ^Juoj (3*^ 1 ^ rSjllflJLI 4*Urftl :Masterpiece Y) 

i«4-JLLuaJl ^ciiL-o)) <Li^jJ ^LuuaJI 4 _aIA l ill 

^jlS ji ^1 i4jtjl^l 

^ H 

JL^ ^ Ujuoj ju£. 5jLa ^ ^IjJI ^..jUmi ;Permanent-magnets (^t) 

3-J u 41 ii*v4 LudL^ 1 j I u jlr>Lit-<a j ^ . .ij U>1 j» a 

** M 

^ ^ 4II J J r ^l.l ^ L H \ J Ml A L^l Mt) 

jl JL r^ t SjJwSJl^ <U-ujL4-4 ^ ..jUl 4^1! JL^l \ jjt 

<1 A JUJL:^I it jlr>Lli Lli ^L>JLi 4 j ^lnLl4.tl 

4 ^ Icm- ^ I o L IaU 1 ^*4 4*1 J jtl ^JL£. tLJut-Gaj ^1 (jjj 

“(^1 4irai,t„tAl3 (Ji)^ cr^ l)^) 

iM 

U^i ^ 4-iolJtjj i3jL>Jl oL^Lj (3h^ '.ijjl^LA ; hydrothermal (U) 
^1 j-j r. 4 j_.a 5L_j_9Jt ^ •ur-j'j-A ^ : Anaerobic (to) 

- 1^ -^ ■ .Xi 




^jaJI ijIa l>e umjII 


«« UJ _ LX 


. California Institute for Technology: CIT (H) 

Light Amplification by the Stimulated Emission of Radiation: (W) 

_ 4luJLt Cji.t.1 >Lj : LASER 

. Laser ionization mass spectrometry (> A) 

41^ ^ r^AiIUl 4 I-JI (sabbatical year) t -.Sabbatical (1 ^) 
•• ^ 

^ 9 

L^jI Luk . aJLuj (jj-^di frLoj^ jLic. )o^y>L! 

y jL:^S;)5jU 

.^^1 . (sabbatical leave Idaj! d-L^tdl 

. Interplanetary dust particles (T *) 
^ CjILj.c: ;5jukLjJi ilojLdaJI :Control samples (T^) 

LX / 

4_3ei-uo Jl^QU 

SjL-t^-jJi cjLjuusLi^ ^ : Mickey, Minnie & Goofy (TT) 

' m 

_ ^llh ^ lJiJi ^ : Microsecond (tV) 

.Polycyclic Aromatic Hydrocarbons; PAHs (Tl) 
^ jjju ^( 1 AM - ^AY^) j_^Ui :Friedrich Kekuld (To) 

_ 4_jjjuajLll a 1 I 4jiJJL>Ji 4-jj^j L J t 4^ h> i !1 
*(^ ^T^ _ ^AT“\) ^Luu^j 4 J^\ j-al (■■. u.lr>;Scgmund Freud (T“\) 

_ psychoanalysis ^^.0.4111 J^Ltdl juj 

.National Academy of Sciences (TV) 
dj) >a ^>-=N iMichelson-Morlcy experiment (TA) 

Juminiferous ether iijLLa J^j^\ ^ ^ L.VX V 

CjJj-jn. 1 .4_o^-juaJl C_iL:vjJLl ,J_4-»sJ d' L>^J *=’i—ua_dJI b» * ■ L . ..j 


C '■'> rt ) fCJ tdj 3 ^ ^ ^ d^.^ U 4j^-as-jJl 

i-\-o ~i .SjuadLlI CjLVjJI «J dj— (S^ Cr^ ^ AAV j»Lc, 

•4 4 * •* t 

interferometerd> (j^LSx) |JL>.jlo JiielLu^l (_yi^ 

juj— ■>! ■ *< ] sLi j^j iMichelson’s 

. • • ♦ jL d^Ldaj 4 jv 







~ SjLcj :Re-dir?ct examination {^) 
1 I ^ I V.^ i*<i **l I <j i ^jJl .~it l ^ 1 A j^j-A ^ *>• I. J(jJ I ‘ >lj . <il 

*_»t ^T**' SjLCil Jl 1 £. t L^fl 

^>a ji d a [:^ SjL^j:Re-cross examination (T) 

jj^Ij Ludj-ux>.j ^ JL^-tiTu-ul i^jJl 

• - j-d/LJLt BjLc.] ^Lal Cjj^ Ld 

»AJbl M l I I ^jL^ djL_o| i ji_uIAJlIt ji o^Jl <tl ^Rebuttal 

- I _ Lq 

tj;OL^Vl tljjJI ‘.Deoxyribonucleic acid; DNA (1) 

ij^ ‘ ^ ^ ^ cJ 3^ Lj jJl 1 ^ 3., “ ^1 . 4 .j.! 11 5l^ J _ 

(wOjuaj I ^ ^OT aLc. ^ IT {*Lc. VI t ^ 

LjjJt ln*< n t4.jJ.>Ji (.^3 • C)iL3“^"^^ c, 4 i 

^^ i iO IjJlII. fcji f^jmA 4u I 

*• *• *• 

.^^1 - C G T A c^jVi 

.Electron microphotographs (o) 


quadraginta 4 _^MJ 1 t>a 4_J5dl J-u^i) ^ : Quarantine (‘\) 

" i 1 j jL:aLj:>.l 5'^>IL3 

0^3 *‘^ 3 ^ ^ ^ 1 ^ 4 j i.u3Vl 3jlui}l CdjLS^ juua 


1 — 4 j 4 4 tuii\ I ir A 

L-i^jJj-Jij^ILj 3^ K 4II _4 rMoq^hological (V) 

J^Lji o ,a: tj <il^Vl ^ > JSLioJI ^tdc. /\ (morphology) 

. _ i ^~Ju CjIjIjuJIj CjIjI j 1^11 

Cjjj3i ji^3 • juJl:^^ 4 j lm^ x / 4JI3 4 .if aJI3 4 j. 4 -iji 11 oLst-L^uoJLl ^ tjju^Jll (^) 

Jo-AUI ^i 1 V"*r .uu Lxjj t^ I<^3^^ ojj^ ^ 3 ^ 5 !jL^n 

<z^y} !jJ i,r.uLJJ juu Lo-td <( CjujJ^L^3jJli^)) 







tljjJI -.Ribonucleic Acid; RNA (^) 
3 AJ j_-uaL_*Jl J-,^S L -4 : Precambrian (^ *) 

i4_diJlj 4u-3Lk!^l jlJ^: 4lrt>-ft.; cjtjjLSUlt -.Mitochondiia (' ^) 

UjJI L 4 JJ t4_iJL>Jlj ^LLaJl (j-o-inJl cjLX^ii I j^jjz. ^ 

5l^ oLja lillj ^J.rt*L I ullj ^ DNA 

•* 

CjLL^o ^jLjtJt 4_A^t ->ijj M.i (L^oliL^ Lr~^J i<L_djd( 

•% •» 

cljJLSJUt 

^jjjVl LjaLc.Ij (jL_tJujVl jtj—dljJl (JM—>- tCjljJL_i.ILjo 

(JdU") j_^Lllljj (jlj-j->Jlj 4_juaj^Jl oljJ-aoll ^4JL > V 

•• •>» 

.^c:^^pJLl . tl?aA*a ^Vt 4.;0^lj CjijJLdoXi l^jlr. LT^Jt CjLLc^I 

monomers jLo^tj^ ;>» SjjuCU cul^j (_yA -.Epoxy (> V) 


. t 4 ^ .<a. fag,) 4 .a1.'V <.“» 


1 V *1 

L^j-d JL^-u 


u^iJi Jjljl epoxy resins oL^ij J.^^? - 5 >» 4 j 

•* 

Ajc,\Jlus Liotju^ 


«CjJjJljt» C-A->o CjLxJjIj Ct-^KjJoj 

u^ .^uVi ^ ^uii 

.^^1 _ ^ ^iV ^LJl ilxoV 3jL:tai <> 

dL-iju-)f (^jJl ^L-^l jL^i tStoic 

jUiiVl (>a J|>^ .^.3 V* ♦ ^Lc 

^i 

Ijurajl .SjjkL^l 

* •• 

L^—a— i -^1 ^i—j-ul^ i, j ,II I , 4 i i Cj^ Lj^.x 4 ^^. 3 ^lU I coxicllfl ( ^ ^ ) 

J_AJ - ( ^ ^ • V ^L_c .xlj) 

w ^ ' 


>jlC djllLt. 

♦• -V •• ♦ 


^ l! 1 i 1 ~ - i T i, ■ ■ -« U^jj C>^ U- AjUOJ 

M 

(j_j^ - C. burnetti 4 _p^j^.^t 4.1 j.< u^jSJt 3.^3 - 1 ^ cijjt 

C>^J ^jl 1 ^ ijjiLltj c..3ljJ«dl t..<.Lt^j 3^3 





SjILa 4^1 JiitlLi-uV liJLi-Aj (3d>^ L>^ 

ijLjjL4l!u L^L^jl i^^-jjLi-t^t XJX ^Lxlaj>- 

id^\ 4— i t Ju^L .tlli i Loiajlj ' 4_ 1*11 ^ 

\ 

Oi-^ U^ c^LiJl ^ l5^J <j_*.«-l*jJ 

•• ^ 

^j-a jX\ O ^j-a ^ 1^ rt i 4 j 3_4_>JI obl >>>ILj ^^<Ljl!1 

^ >o~ fl_i^ 4^1 jlU ^LLa 4j!^ 11 ^1 ^ SJ L<1 1 -La> ^ iCjI dC.1 i^*>JL{ 

4 uLj Xli ^ . .\ t:;~ ... VI iMetabolism (\o) 

4_3LLiJl Cy^ SJj— iLa 4 .j.! -v (J^ <1 jJlj>»j 


_ 3juJL^ 4 jj .>.^ ^J’* *J CjI jlatlt 4-aj^flJl 

3 j a \i t IV, AA 4jjjj *TY ^jijjJl 4-a^j j .^1^ :Titanium (H) 


^JlifelLuij 4 SLu. 4^ ^JiielLou^ t4Klj CjVjUL>a ^'*' 4^L*Ji 4 j^j 
^ULVI ^1 j a j^ 11 4 3 Al1^I (4Xj..4^I 4^LjiJI CjI^L^JI tlj^l ^J.u3 

4jlf ^ Y^O jjjjLa 

^jl_53 4 ,^Ij 4 j aAj :4 j “l. nii i^jJI :Straw pCFSOn (W) 


> 4.aej>JI oJJ^ (J^ ^ <^>. ^\ < ^ ■ » « 


■V. 




^L^jJli (>o *_aia-3 ^lj-3i t>a yb jt • nucleotide (S ) 

j-^ (S-XcL^^ 4. j . <AjK j^yj 5ju>.j ^ylj I^ ytiu (jPJ^ 4jy-<a-*Jl 

t ^ 4_^L.a 4>i ttjt.i ■ 1 -11 A . ,,^ ^W a ^^ CjIj^^SLi^I JL^L> 

(4^jJjl (jlaLa^^l-I 4^LLjJt CjIjl>.^I JlLaJ L^jI lA-pJI CjLIjISJJ 4 .... :tl i 

^ ^^ctTij ^yJ! jIjII <ybj 
^ ^ 

CjLSj 3-:^I 3_a a- ^ a ya t^l y> ^yyaVI ya.a ^11 : AminO acid (T^ 

4_C.y4Jy>aj (-NH 2 ) ijJL£.L3 yj—al 4_c.j^ <> y, -* 6^ 4jyJa^i 

4 1 j *1 1 ^^ I ^ 4j^ ^ ((» 4 ^^1 ^ i (-COOH) 5 l ■uio <; ,->> ^ t,^u 

^ * (>® wA^‘ -^>^J (^J^J jy" (^:^y^^' 




^jaJI 


* 


l-^ LA Y* V| i<L*_j_jJ<aJ 1 ^ i 1 ^ 1 


.4_j_>JI CjLIjLSJI I 4 «> CrAi “^LLpjijJl ( 3 -iiiej ^ -i 

«• *• 

—^..>>Vl OJl^ ^ J ^ l) <i*a “t .jtJ! ^ ^ <4^1 i.iiiVi (j^J 

^ L^jLIj 4_jJLi-aV1 ^_P3Lo_>.'^Lj dU jjj i 5 


.^^1 _ ^IjJiJl 

(ji^t jl I jLA c-u_uj t \ WV ^LjJI (jyja cjLlSJt i jla ^ 

^ !f^.t a tlLoi Y * • ^ 


fjyj^ j- ^‘^ 4 —j^jJ 4JL—u-tfa-oJl ( 3 -^ ^j)e-cL : 5 jlj__:jHJj iRcdwood ( 1 ) 

*• ** V 

✓ 

^L44j31j jjl—^jda 4 _j!So^^_-<sV1 -fl ^. IL^ <LS^j 

.Ribonucleic Acid: RNA (o) 

^cjuaj (-« K l-^ <£! < u (jy^^ 4 a W>!iU ‘.^Jt—iJI iGsul 


jl*£5 . LdLisj] (JL» iLj * L^m i LSLj_3clj 3y<j 4-^L>J1 LmiSj-a 


cy^bj 


j-.tj IjjLSj iCeltic 4—jULtxJt ^j^/LL^iVl (JLiJI 


. I I 4 rt tUt Lg <v^ .>0 ajoill 

jul^j •(<*’ *3 - ^ * *) ‘wH-^ Gaius Julius iCaesar (V] 

-3 i 0 ^* ^ ^JU 

' * •* » «« 

.^^1 - «4laa2>Jl ^L-Jll ^)) dL^VI 4 j .sl^ :Red herring (A] 

L^j(UJi>b 'Galapagos Islands 

4jj^ 4 -jijIj iiaa_>Jll <3>A ijy^ JlA^* ^ 

^JU& i L<^jU < <1 d .111 JL) ^ic ^ OTC 

^ ' 

oLa.pjdj_u li ^ Ji,,a ■t,. > .AtJ^ 11 ^ j ^ 5Li*>Jl ijlj^jLj jj^M->JI 


L^l *j i^Gslspsgos 4-^L.i ^VIj 

O-isj Cr^ Lr^ l)-^ 

«• «• 

L^LjI^-i^ <,^i q i \Aro |.UJI ^ ^jjjjlj ^LLu^JI ^UJI Ujlj Uai. UU 

i^UejjVI <aj_^ Ois^ <jT^ 

•* %• 

archaios ^ 3 ^ ( 

GjjL-Tc-a V Ijjl— c. f jy < - t} t 4 —jjX-jj-aVI 4—4 al idl ^^ 5 —B '.Bazillion r 


V t 



fjuuol^^l 


^ ^oi ^ • U -Enrico Fermi (^ T) 

j-Jl-^ ^ i ii-fl 4_flj^Ul d . ,U IH .")! iM ,^-wVl j^J(3 ij^LLajI 

<^y:.ljuiiVl JisLlill t subatomic phenomena ^ 

^ < 11 1 . i H a (Jjl ^ 1^ . o\j .‘:.f idjLjj^^-ijJl-J ti-iJ^IL-uJll 

5^l_:v ^ (,d) I t ^ A j»Lc. tLj^_uiLl ^ ^ iT ^1-^ 

^li-Jl 5jljj jjjs ,_ji^ 

^ J.i.i... “^U jjjJl Jr i ^ -t l : Nuclear chain reaction (^ T) 

I—(J^ —<-uJ 4^^^! pi ... 2 il^ ^j^xJl djljLLa-JliJ^l 

jl j. o 'L .LduVl (jyjli (Jr-Lij 3^3 i^j i l n j l U r..\ '^\ ^^j£. 4i3Li-u^ 

Ji t t I i ^*ll 4 -IjV 1 ‘“tl*« I <1 1 ^Jl^ ^ I ‘ “ ' dt-)!-^ l!^l 


jl Cj^t_c,LaJL 1 JL>J1 ^ 4_»jJl^l djLjj^^jjJl 

.^^:;^jIl11 ™ (4^jJlJ 1 Cjlj-jJc-djJl CjJlsej ^ 

«# 

.Handbuch der Organischen Chemie (U) 
^_yJ| jjIn“i!I 4 jl-i-uLu 4 jl {.^3 Ltjji d oj ‘.Spores 

cJdjL^ej (JJUjlj 4.ji_4-uLl(j 4 JL^-i ^L^JU^l tjjJ 

5^ s?^ j'ij5 ^ ^jLo ji JuV S^xi^Lu L!vU- igametes cjIo^L^ 


CjLli^L>Jl ^ 1JU JL^ I 

tCjLj^ tad i iI \ (J-J—3 i^j-^ > ^■cujiM>Jl j3[ 

^ n iJ 4_1 ^^j4^ u .u ^ * 4-J^^-uSLlII « .p 1^ ^ 11 

t j Jl gLi—>Jl 

*» w ♦* 

^Jd- ^ dl 4 -JLc. 4j^ j'lS ill f^jja ^j^SJl^ . 4_4^^t.^ ^_lC. k_3j[^^JaJ 1 ^ - •“ 

Jys djljdiji JULJ L^IoLou Jjl-»J (ji L^j^LoJJ 

cjLjV^I (^ 7 ^) 1^ a j ^ 4 i^ L< ; j ^_yJl j->.lj i^jji L-dJJ-c tjjjjjj^JiJl ‘.Trillion (^'^) 

.^cj^jJiJll _ ^L^Lllj L^LLaj^ LT^) )A jt ^L-iijjJsj 4.jSij^^V1 SjutlUl 

d iajt^ id idai^ ((5 j—^Ih IjLj^i (_y>4_4_ujj iCuL^l '-Jjj ojs ^; Milky Way (^'^) 

. 1^1^ 5jl>.I ^ ^u4 <~ill dju >|*3- ^ .Ill - j-o ojljj-c. ^yS^kj ya (jjSuj a^ajJLx 

p^j^l ya ^UalLa U- 

^2j (jI ij^3 .<;! i^aW jCLqj 4^LiJI L^ApcmW^ 

» 

. _ 4^jLiJl diLajla <4 (j-taAJ La jddJ V (j-uSddJl 






^ja}\ 5U> o* 






O^^XXJL^ A^Lq^-ljj ja.lj^i cr^J jL^i :c_Xi3^1 .Planetesimal (^) 

itf 


* I - I <.ln t ! 1 Ll^ 3 ^Jb J LjlI I t B sue ^ ^ ^ 

jLLai ^ ^ 4-4-^1 -c. ijJu^ iDenver 

- ^,rt,L!l ^ In If 

YAo * jj-ii^Vl 4^^^ ^-^-juaLc tQuito 

^ j^:tJl ^Jet^ ^ LcUjjI ^<1^1 tMount Whitney ( 0 ) 

ij —^ > 11 \jSL^ i 1 ^ A lA Jl A. 1 ^ ^il^l tjjLj^jJl 

>^J .(^ AM (^5-1^ ^1 c ~M A-L^j 

- L^jj,a^l£ 4 jV^ 4jL4-uij JLt 

U^LiijI r,j%. iMatterhorn (“V) 

. ^c^^pJLt _ A-JHaj^ I JjJj>Jl ‘ i 1VA 

subsoil 4j^^lUlJl ( 3 ^ r^u^-eioilalseiJI 4J^iUlt t Subsurfacc (V) 

f ,_^ jl j 4 ; SjlUc.." 4 ‘.Permafrost (A) 

> 5. V ft->rlXi 4.J lU rtll ^IsLLII ^Jra t » C.<j>tj .~xjl ^ 

.^^1 _ ^UAIl ^lUnll AiinUl j|^l 3^^ :5 jjlEjI :Siberian Tundra (^) 

• (^ *) 
2 < 2 j J^\ space probes ^-Li^a-aJl j-^1 »» -a 4l,»l,.,tjjjjLa tMariner (^ ^) 

— 2j C» .al l^ i ^Qjuaj V 

-) Oj ) Wy ^_3p.4Lc. (j^ Li i JJjlla£,j 

Sbjljdl .dL ^>11 ^ j-«Vl Jjl o.2U,I jlOij .SjjI jJLI S_^jJ,l -.Orbiter (\ T) 

4^ Lu^ jljU (Jjj (J-^ 1 4^1 CjL^M r iilijtf 4 4 j^..4^| 

I I mA. h t A m 1 







ilaJl jLkLo jf ic-flUMl t Spectroscope (\t) 

cjL^< i^< ^iKi3 i J>LaJ»Vi ji iDegradation (U) 

• I _ 1 < i( 11 

JS^U 4uua^ iojjLx ji 5LijjL>JI iJurassic Park (\o) 

^ J 6 H I u H , >o j)“ H ‘ J >^ 




jL:fc_j,! ^ jiAi A i ^ j i Amber (\“l) 

- a^jLoJl < i-^.n 

jl S^LUJI ^Lui^Vl ‘.Unidentified Flying Objects: UFO (W) 

• ~ 3^LL^I 

,LJLUj! sitj-jui (\rY\_\ Yo“l) Dante Alighieri (\A) 

4 TT1 a 

.^jJiJLl _ jjfcj iTobot ^\ 4j-^ ‘.Robotic (^ ^) 

Gas chromatograph-mass spectrometer (Y- ) 




LH* c5-t-‘ ~ « 


requiescat in pace; RIP (Y\) 




♦♦ 


} tMars Pathfinder & Global Surveyor (\) 


L-djL^ . 1 j I . d ^ « A < g.l5iJu ((Llj/Ij)) i,a(jl.*!4.^ a 

4-fl 1^1 j 1.0 ^jua Lu^<q > (_7^i CjUl^aVlj CjLiJ^d^l 

^j^jL- 4» H V ~ „<.uL^ L7~^ ^ <=* A .a A ^: A 


jjl 4 l^>.^U>a 


Lr^J^ 


— \ i ** t ^ ^ *' * cJ ^r< jJljjl^lj 


-UUL-J-JI 


iMars Global Surveyor: MGS (V) 


: jjjJll Ji^^l jjjl3 .^^^■\/^ VV jj;l3 ;iUjJlj i^UjI 

‘H-r J^l^l i ^ •>< I \ uIj I jU r. A<\^V/^/n 

.^LkJI .y* * 1 ^ 1 ^ cr^! Lk>e' :-L:‘L-di JL-jI 

til iMars Observer (V) 




^jaJI ^ylc 


. Phobos I & Phobos II (1) 
Professionals' demons (o) 
. 1 - ^_y4-aAj i 4 4. !i^ tl i jl L^lj LJl * Paranoia (1) 

Jet propulsion Laboratory: JPL (V) 
«l»: Lj-.altTopography (A) 

Ljo a| 4 ..a CjLa-4^1 ((c^»* 4, < >J 

^ ^ ^ 3J3J i J^Lj ^_^\ jaJjLoiL o^jU (^) 

C-JL-ujI i ^ j. La *<A.< It YV ^LstJu Cu.^Iut 4lLa.^ 
t4 4_La.^dLl L_iJ I ^ J—^ ^ i 4_a^.l« a ^ i\j T , *1 


>LJL>o ^ 0 j _ Sojourner jj 


I - «(J 1 » ( 3 -^ 5jj jLr> 00 * j 


iJliljl^ J 0^ 4-iLjju:3^ CjLjL^j (4_j^j^I l^Lj<aJi5» 


oL^ jLaJU^LJ j_p>j>A_4 


1 J^-coil * Floodplain (^ *) 


_ (jLuajxAlt I ^.a Lar.7) 4jj3Vl * jjLuauAJI 

^ •A 

iVallis Lo( jlc <1\ ^ j)^T t^i iAres Vallis (U ) 

,^ ^ ii A jlj ivalles Lgt 

^ Sjuttll i3jLul!t t Sinter 

ot^LuuJt 4^1 j|ju3 j^\j^ i ^Lj^^uTa'-L^ ‘.Detroit (\ V) 

^LL-3 CjL^j-^ L7 -^i *3 j^>^ j-^ 1 '^ i 

_ 4j!S^£^VI CjIjLlxxJI 

ji t'l jl jl^i V JjLju JjJaJl dj_>.j SjjLJl iYard (^ ^) 

• I _ u ^ \ , i. 1. 

.Mars 96 (^ o) 

ol_ j—3^^^! (^>-^ iBaikonur Cosmodrome (\'\) 

. 1 ^ 4^l.X(i:i a.)I 

i\^ a>Uaji 4Jb-jJU jjL_>vil ^V1 yb ((<^ _ c^j£JI)> ‘.Planet-B ( W) 

CaiUsajl - Nozomi (^^jjj-> ^aa-uL JUu la.x4 Cj-M-tuj 

l?dir^5e,a ^jl£^ 4jl ‘ ^ ^^A ^ Y * ^Jjl^Lj 




ijuaI90JI 


t ' 1 j_A ‘ ^ 

i^j-A c / .l l ^ j , « .<i ) a^IjJLI 4 i^^JLt ^1 \,^^^LL^l jlxj c< j > c2t-L > . ( 

._ T * • T ^ 1 'ft-t.'U^J L 4 I, v^- JLo^ LiU jjj i^^TLlI 

% 

.The Martian Chronicles (^ A) 
.^jliil _ <:Ijua':s^1 SjlIAJLI iDisorienting (^^) 

oL i < j —a tChlorofluorocarbons; CFCs (Y*) 

*6d> * “ oLu^^LoJl a ^ Vjl cajjJo 4-ui ^ o j ‘C 

iilLijuiS ^_^ *«Lul!iJl 4_^L*J1 Jju 3^"^ LT^ Oj-JijjI 

4_d_Jd < .<.^.) < It CiaTlJ t ■*<" ( j^LjlII aerosols cjL>.Litjj 

.Gross National Product: GNP (Y^) 
AAIA) ^UJl ^ to-Mjj-Qjj iMount Everest (YY) 

JWtH Oyi jja^i ^_yL. 

_ C.J _ LM.\.ii 4 i( ^ ‘-^AVY) ajltBertrand Russell (YT) 

f CT^! cr^^dy* (3ia-d.l ^ 4 jIjI:J^ ^ (^Lia^ 

•• M «• 

.^0 * ^Lc. tjt jVI Lr^ <^11 iritl 

lA\ 


mUU t (> A'\o_> A * ^) Abraham ^Lincoln ()) 

.(u“io.u-\>) 4_x^vi sjur^ai d< 

SjjlilJI 4.^jJL^I oIjVjJI 


^ I jutTc^u V! Ja^jnuIL 1 


Jefferson Davis (Y) 
^ «I»' ^jj^ ^ ^ I ^ I t Union shop (Y) 


(>» 


J_4 <(4 _t)) ■ d .tl ^ r- aJI L-0«.L<^ ^ a1 "i!! 1 


4^L^!Ll.u 1 i^ta-stllxxi^VU LLa^^-iI/ (JLojlII «zjLjLjj ^a:>.| «_> i...': i Vl 

jt 

3 ju3 aAj ^j ^ 3 /! I I 1^ 1.1111 > ^ I L^j ^i 4^- (3 > (a ^ ^ ^ ‘ 1 <v~» 


- (Sale. i^JJ ^ * ) ^ ^ 


National Academy of Sciences (1) 




5Ls? o“ 


i 1«^jOLlAJt )) ^J^LoJl jJ-(bl t al**iVt , V ^Vf t<L>uLaJl 

✓ 

JL>-lj Vj <^Ij»j 4111 \S3-^ 3 ^ 3 ^J • SjIjiS 3 ^^ 

4JL^ i^Ul cji-Aj Jjbl t 3:^J Jo-Aj Jija 4JiiiJ ^ 

r^"lO ;*<pljjtalJil ^^jOlLjiJI : j_^Lju 4jj^ > 3 ^^ 


0 ^ JrD-^ 3^J fJl-i-I' ' ji cjaLi=^ : j'-W'J' JU} 

y 

3^-^J 4J 4_AjuaJLj : ^-oJa-^Jl 

c^ai-iL : Juo <u;i Aui; ^yi} ojIljji : ^lLi 

y X X 

ijrfoyt ; ^1 4. ^;>jl _*:} ^ r ^L-jlII 

j^ ;y t^' 1^ ‘o^ JLsJ 

X 

o3 J^3 Jii} .llaLiJi r a'^ -; cJu*l- o! I-* ^ JU 

• X ' X X X 

y X , 

^^^4, ^ ^ y -^y^-y'' 

** X X 

3Lij . L>^j'Vl 4_^} ^JJ j 3^ : Liaj I (j-l^ 3j^ 

. I^JLa ^Lii « (qJLx: uJlII j j^lC. 4-^ljaJ 3^J ^ ul * (!>:* ‘ .‘^3 

x' ' X *xx^*** 

j_yjl (3-* » fojli- <—iJl ol • -l^U i It ^1 3^3 

X * *^x *xx^*^^ ^ * 

<-iJl (.JiJ! 33^^-^ 03^^-^^ • 3^^-^-* 3^3 • ^^^^3 L^j>^ 

6^ L>^’ u^ t=i;!3l 1^333 U3^jJ3 ‘34^* 

^ 4133 c^jbu dm ; Jii ^yij *JUl 3 >J’ • 3^ 

.AjjLjjlI jc4^iih- t^lii cJjJl 3^ 




XX XX 


4jj_3 33 -^- * ^ 3 ^ 3 ^l 2 i. 4jV ; 3 ^ 3 ^^^ tcJujI 33 ^^ 33-^^3 

X X X XX 

I—Aj j_p33^^3 uJl 3^—^ '-H3 ^3 (J3—^3^ 3^—^^ ' l3^—^ 

X X 

3 ^ » 4_a3LJiJ1j ^ftlxJl ( 3 -* ^ 3 -^^ 3-A * fij • ".tlj^t ^ 

rojj.% liiji ^^4iJi iiu La 3 ^^uJi : 3 ii^Ll^t 3 u r3r.dj^j3» 

% ^uJd ; Jki 3 j U : ^Ij ^JJl : 3^1 313} 

: JLjjj^l (^Ju 3 ^ ^^3 0 ^ 3 ^^ -’^3 ’ toAj »IjjJuoj LiJLi^ 4J jt 

: 343ii 3ui ; o^\^\ 3 ^ . 4 L 1 3ii ui i^i: <j 3Ui; Ai .U3^i 


3>^ ^^1 <ijJL>Jll 3l-^ ‘Cr^^ 4 3^ ' 3^ ^ (3^^ ^ 3^'^ L7^ <((3^^-^^» (>3 

X X ^ X ^ ^ 

t^jJLl cjuuaiJl^ «'«r’3» (.-AjuaiJlj 33^ *3^^ ^ Lr^ ^J-SJl ^ 

- ( 3 ^^^ Lh"' 3^e*-^ i>») W 3^ » ^ikjl ^ ^*33 




X X 






_ A tjjrtill 5j^j-u V La 

(^jl-^-jlH ^cjusjj iA j.?tt I II1.!^ ^jj_^_lJ1 jj-o’iLjj^ ^ j^jL-dil <^l-lS>Jt iBiblc 

a.Ju^ilJ .(sijiiii) 

4 j 1 »Lji <j^USLJl ^JL^I ^ 1 .Protestant (A) 

%« %• 

. ."il lj 4^1 JuQJtXij A-Jll^VL^ 

^ ^ ^ J 1 0 I A^jl^ Lii. ^ ^ <LjSLlI^ L^ 5L4$L5t^ I ^^luLTua. 111 ^ ) 

kM 

^ 4 ^ U\ 1^ ^ 11 4 1 a\ ^ 4 ^ \ 1 g < <i ^ 4 

j (()), 4a^.SL!l 4 ^4 I /1 s «1)): 4 j **< 11 t Xhcocrscy (^ ) 

J^J 4.ixi5l^ 

jLjvl^ i(^A^U^AAl) JjLj^ 4 ^ .^j-u£jLa j.<L jii iChko Marx (H ) 

♦» ' ^ 

^V'V ^Lc. {(lia^l (.\ LM ^)) ^4^ Sh^ 

i(\ ^A1_^AAA) lJJjjI ^\ 4 a ii.ij i^_yj^jL-A jjjLa .Harpo Marx (^ T) 

' - ^j4Jl 4lyijj (3:4^ 

L^JLijij L>^Laj 4_a_it_-ua cjL.dla> (_yAj .cjLc-jij^^^ _4j>. .Crop circles (^^) 

t L^IctJuua Jk^ jLua.3eiJ 4ijLA . !^Li4 ^ anlt (33^ S^LLaJLj 

- 4-Iju3>jI V CjLuI^ (1>^ iJl LAj I*!123 





^jaJI Sl^ Oc 



Angel, Roger, and Woolf, Neville. "Searching for Life on 
Other Planets." Scientific American, April 1996. 

.Davies, Paul. Are We Alone? New York: Basic Books, 1995. 

DeDuve, Christian. Vital Dust: Life as a Cosmic Imperative. 

New York: Basic Books, 1994. 

Goldsmith, Donald. Worlds Unnumbered: The Search for Extrasolar 
Planets. Mill Valley, CA: University Science Books, 1997. 

Goldsmith, Donald (ed.). The Quest for Extraterrestrial Life. 

Mill Valley, CA: University Science Books, 1980. 

Goldsmith, Donald, and Owen, Tobias. The Search for Life 
in the Universe (2d ed.). Reading, XM: Addison-Wesley, 1992. 

Kargel, Jeffrey, and Strom, Robert. "Global Climatic Change 
on Mars." Scientific American, November 1996. 

Klass, Philip. UFO Abductions: A Dangerous Game. Buffalo: 

Prometheus Books, 1989. 

"Life in the Universe." Special issue of Scientific American, 

September 1994. 

McKay, David, et al. "Search for Past Life for Mars: Possible Relic 
Biogenic Activity in Martian Meteorite ALH 84001." Science 273, 924, 16 
.August 1996 

Morrison, David, and Owen, Tobias. Ale Planetary System 
(2d ed.). Reading, AAA: Addison-Wesley, 1992. 

Sagan, Carl. The Demon-Haunted World: Science as a Candle 
in the Dark. New York: Random House, 1996. 

Sagan, Carl. Pale Blue Dot. New York: Random House, 1994. 








ulAUuAaJI ^JJUUUO 


.SLpJl j 

Abiotic 

3Li->Jl ^_^LL4 


^ Accretion 

Juljj .^Ls 
*» 

i jrtj^j[jJLi^lj L>^ TV—\T 

Lt^ >x ^Tt ^j! 1 tCi^ t(2rL> < <1 ^Vij 

%• 

.cjL;^_j^i ojSiJ 

Amino acid I 

1 

«4 B 

. L2*itjj 3i j ^tl domains jl>.i 

oL^j^l ^1 d4>.j Cr^ 5l (^ti ^JLill L^l 

^1 L^jiSLoj^ 3ji^ T^-U 4.^_Jlj 4 ■t.L^d 1 ^ ^ 

* (Aj^Ia 4:vjJ V' -0 • ^_yk. Jjp 

«» 

Archaea (singular I 

Archaeon) I 

;j^I)cj1^jI I 

(J^-^ ^ i^tl j\ j. 4- 

«« 

*ciL>" ^^J U[^J LdLc t^ju4 tnli 

VjjLdj *jJa^l ^ 1 I^-^qj:^ 

.iJllljjl^! <^L1^ La^ l-»a V 

Asteroid 1 

'^'v,. 1 

>uLL4-<i i ^Lli^ I 

( ,',<'ij .>Ll^ ^Y^oo• • • jt ^^^o^V'\• • 

»^A.IJ) jl <-A.j ijLt^u^l 

Astronomical Unit I 
4.jSLL3ij 3 jl>.^I I 

** 

jl jL>.lj i^jA lJlILjj 3jJ i La 

jjLc. jj*-^ Cy^ ^ ^ 

.Sl^JJl cjLj^j^j^I jjlc. (^jL i<ij cjIjj[^<SL!VI 

*» «* 

Atom 1 

«» * 1 














^jaJI St^ 




51^ 4S5li]| a^jJI oiM^ (> 2 -J^tj 

*prokaryotes 51^1 cjL^Ijlj LajLi-<i 

3ljj ^ 3*< n1 dJUL^j 4 < -y- CjLuL^ 

«4 j.iiril 4^ljjJI BjULIj <l^,rt’<>t,> JijJLjfclill 3 jl^ 

Bacteria 

3^ Mi3.1l t4jjl£^^-JI j^itjuajl 

* t 

Basalt 

cJjLJI 

3^L-4^ J^.j-uV i JUjU-^Ji J—> nt jl iO_LJljL>JL) 

djj.xAi 4.Lh.L<u jl 4 ^L!u| *(4 i <ii 

Biomagnetite 

4» 

• 4^p>Jl CjLuI^I 4 Ua A c^LuuaV ^j-UL^a 

Biomineral 

(^j)j>JI ^JLxlt 

•4 

c^s:^ aiaisji sa^^i 

c^^Lklt 3LjL^t i ^^4 L 4 J 

«• 4* 

CxMj J ■». itij (4.^m CjIjLjJJIj tCii l^x >«Uj 

^la <u x4.j-uajVl 4 ji^^) 

Biosphere 

44 

<>® U3^ 

•• 

Cjljii JJL^ cr^ 1 *Ly^y- 

• 4^ (2A?^u^V| CjIjJ i 3il.<^> (^^L^uJ 

** 4* ^ 

Carbohydrate 

oljOaAjj^ 

Cjum ^ Jl^ (^3-lao CjI ji Jyj j-i-aJuJI 

4.3j[jom isotopes iCjUjjj[^ 

(jbulajiJl 4 jiLgj jl < -«jt <4*ii 1 it 

4» 

( 45 m <> '\^) Jic L.1 oji^SLU ob^l 

.3jJ JSJ (^m ^ ) CjIjj[^j^ 4» u*j Lo]j 

Carbon 
















CfbdhjkAAJI ^ >ittA 


jj.‘^.i<r>l! ^JL^I 4jLd j) 

U3:L>^^ Cj^L^JL-iuu J. j-4n, J ij.,.j ♦ -tU 

*» 

xhondmles oVj^jju^l 

Carbonaceous 

chondrite 

<•» 

oljj , > H j^ 

cjijjLjt 

Carbonate 

(>» l3^ "WIh *>i^r 

♦ Olj*^! 4jrt.i > ^Ll]) ^ ^ ^ >.<Vl _ L^j-a 

ojJ>^ Lgj'* '"•j ‘^'-4 j3-^' 6^ 

*» ■*» 

. CQ2\j^LL»-tS)LII 4^^-^^*®-*-“^^ 

*• 

Carbon dioxide 

Jul-ULJ^j 

(j\j cj^Lc.L^l! 1 (jAxj 3jLa 

. L^l j ^ dll^“i<uj (jj^ 

«• 

Catalyst 

*» 

^jK.J<t ^,i 4:'>» Ju>>j3 ■ A i JJ 4 l ,.i 3 jl>>j 

^ 4-^jVl SL^l »(_>:ojVl SL^l 

ShL-t 4 , > ><ti oLul^LJt ^,.r>^tl 

^1 outj J ^1 .4...., Ull 

%» 

L^L^I ^ oU>_Jj_jJI ^j_Lc e:j~- 

W f- 

•( ' * J* Oir!^ = U,5iliH) 

Cell 

4-ti». 

«% 

J-<>-JO 4 t^S*J <<M 3jlj.^t oLxjJl! ^Ll^Lo 

^^y-4fao J^j «4^jj ) * * juc, (jl.jirj ^4<^.11 jllc 

«« 

Jji 4^ W 1 1— W M _UO 

* (jjul ijtA 

Celsius 

(Centigrade) 

temperature scale 







^jaJI uAfJI 



Chert 

• KjImiII (>9 ^ij-4^ (>® 

Cj 

inclusions cj^Lx." /u.^ tAh-^ 

*» «* 

Chondrite 

«oVjjj jiSC !t ^4-t.uj 

do^ J 11 

3^ <>ln >U 3jLXt Oj Lt-i,rfrv 4 1 t-i 

Chondrule 

. 4^^.;^ 1 j^SeJLCkl 1 JL^-1 


^ ^ 

•• •% •• 

Chromosome 

Cjl—t^jj^l i^\ 4^Li^VIj <^DNA IjJlII^ (jyr.jui^h^ 1 


4^1j^l oLajitJLl Qjlst:!! 4dait*iLll 

*» «* 


aJJ^ L^jtSL^jj iCiUa.:^l 4^j^ c1)Ijl>.j 

•• 


. julc. CiLd^lAJLI 


•* ' 

Comet 

(ujI^^JiJIj tjj. 4jjSLA ((3 jjl^ 4-t, ^,1!!) 

IM 

» « 

Jua 

« 

uAi9 t((L,al ;^!i ^JuJI)> ^j^Jj-SLIl JL-i-44i-^l 




*v^A 

** 


Cy^ 4-<.ujL:^'i-^ 5jLo 

Compound 

f^_yA £ji^^SLa 4jt ^ ^ * . 4 J!(jIj Cyit-AjiI j 4.^illL>Jli ^^ooLul)! 

(p 



(^j\j^ u.x^)^SLIl <-L!j-ae-jj CjI ^ icn :v 

Cosmic rays 

«i^-t j if.jjt^\ A^jum ilyA c-ijILSj '^lC.J~ iju^ ^jj:»JLI1 

ijuiVl 

4jj3b 


.panspermia J^^LUl j>^ JeA* 

Cosmic seeding 


jIuJI 

*• 














ulalhjiAAil jmJi 



4^S?l (Jji jj-i ^ 0_J^ Daughter nucleus 




ibVI 51^1 


(J^ l^t cjIjLAj>JI j] p ^ 1 Directed panspermia 


(JlL/o c^l ^ jl ^ t ~ < iiV 5l j a Ah ^ A LLpLcjI 4j:wjX1 (JjoL^JI j^-pJl 


«» 

®J Ji>^ 


^^Lts ^ OJ^ - 

^ ,_3VVl 


JulC. 4_^jILcuJL1 


DNA 



(deoxy ribonucleic 
acid) 


^_^JLc ^ a n (lajJI CjLj£^-»> < tilbi ^ ^Ltui-aji 4a^t^ LjjJI 

(j^ j r L>^^a£9 ‘.4JajijJI L_4 jL_jj)— 

LjJlJI (J-aL^ djLc.1 ^ ^ id^) 


. 4_L^_pJLl 4*1 j i!l 3j.jjLuaJi 




^jJ\ ^MJUI JoUiVl 


oLi^jVl : L^L>. l.^ jl| (_^lc Sl^Tstl c 

tprokaryotes dljiJI oL^ljuj t(^>,x Hi 3l ^ ->JI) 

.eukaryotes 51^1 


. JL4.2^ (CO 2 ) aj-^f ^Ij 


Domain 


JL« < 314 ?^ 


Dry Ice 
Li>L>ji jJiil 


^^A£, SLj-^l Earth life 

^.m ^ L lL.. V* i i Cjljii ^ Ir 4.ii,j„, ^ 4 _jju3jV| dLL>Jl 


^j . solvent 


^11^ il IjlA ja.!jL_a 


IjlA ‘tjVI 


Cjl-jj^>-jSLiyi j| jGjLj L^I OJ 1 ^ a 5 -^ J ^ 'T ^ 

Ldjj (SEM juajUll Lo 5-iLa 












^jaJI SL? QC 


^1 c.l^LUI ^jpj .(TEM ^jjJLI c^ipijyi 

J-lcoL^I l rt mi ^ citljj^p£L!VI {_7-Lc. djULt 1 ^TT “ n 

.3jUi olXJt 4,Sj%JlH 


L>^ 3j-^j J ^ 

* Lo 3jJ (J3>' t4^LuJl 4.1 Jr nitl 

Electron 

UJ^l 

JJ — C. 1— ^jJ ^aJi 4^Vl ^ -4 ^ — * 

.SljiJI 4 < <1 A t cIjLjjjj^^I 

Element 

tjjjjLH W 6^ 

cjLjj^ ^\! ^^i-^ i(RNA Ijj) 

iM 

Jj^ La-« ijl^ju iJ-«^ liU jjj iA-pjLA 3>-Iaj (Jdiuj 

.<PJLA Cj>Lc.Lflj L«J po ^pl\ Ijji 

Enzyme 

4^1jLli 3i^lll (J:^lj dL)^Lx 4-aj|jjJl 3 jULL) 

«• 

pLtHiAj 

Eukaryote 

Sl^l 

«* 

i (^^r<. 4^ ,q-U i t£U( 4.JLjLlii jLjO-dVl jL^lj 

«« 

<CL»j -Lfl t^jJlj <f.Lll -iJa. ^ AjUaij 

•• •• 

.4]5U ULu> 

Europa 

t A ^ ‘•jWitt 4, >l<t C. 4-;*—L_l) J-A i L-l^jJj_i_lJ1 /^ 

•• 

i>>Lfl-*<!i ^l 'tfclll (.^j) • j jiUti " iVI j 

«• «• •• •• 

•• ^ 

1 ^1 . i.> c.di.I(jBj * t4^jLui-JLl 4i^ij>«J} iZjLljlSLII 

^^t\t, 1 j 3 jCuu4 ^jj 

*« 

Evolution 











OIaUouAaJI ^jmA 





I CjUjKJI 4_i 


oLijlSLU Cj 1M 11 oL^i^j A 4jL- ifuHJI L -A 


c^! 



I 4^jU" 11 oLai <<iU j j ‘2 l.j_j>J1 

.4jLuuJi ^_yA j^\ 


Evolutionary 
distance 
.4^^1^1111 4^Ll(lU 




Extrasolar 


cr* 




Face on Mars 






Fossil 




^ |U>^\ 






Galaxy 


5jLc, (^^ILjsiOj CjLj-^ (jr^J 

%» 

i ..i ^jylLllj ijLJtJlj OljLiJl Oj-xJuLA CjLj^Q^ 




%• 1 *► rl 


^j\J ^jLiHLI 4 ^jL^I (Ja^ 


^>a c-uLtiili^l U 4 juIj jUat ^j! j-^t Galilean satellites 

*• •• 

. ^ 'I ^ * I&IjlII jjljtLzK jL^af 

■ «* 

(j;y<i»U yi ((L_iiLj)) ^l£j l^lL^jl yiJl <;LaAJ1 4_^j^ Galileo spacecraft 
** *• 

^ I ^ jiA \ s LiiLljb ^ ^ 4^1.tJrXfltt 4.j^y»( 

«•» «• ' 

*tl _i-'U_A _l-ulj i ^ 0 

«» «» 

(Jj—>■ Uf^ CJj " —tu/lj i 1 .,■4 ! a „ ,.4.ii 


,U 


ajJLjiJL>. 

^ ^ m « 


il 4 i 


. 4 J 4juLi 1I (^^^fLoJiJI 


j* > JL^ I ^<<1^11 ciU j yb 

yL^LtluJ _ 4_^ijjJi 0j n Ml ti 4ioL_LAi^ - ;^Jl!I 

•» 

*4_tjUjQVl yoL^- ^ -Vi 4..LJJLA 4JLt.uJLLU 


Gene 



















6l^ QC 



LjjJi ftL ^ 




Genetic code 


I . A ^ ^ > ■ 1^14 tRNA Ij^l jf DNA 4^ijjJl S^^-icuJl 

** 

^J!L4 4-JL~L< 4 CjLuJ^^ i4JLuu Lxljjol 


11 4.^_JLi^jJ 1 cHjLIdi— u^VI tiJJL 

*• 

.DNA IjjJI (jrjjaljjJI 


CiLLhx aUlSJI 




Genome 


uy:*^ ‘f>y^ 


^jS/i <.- 4 J r p (^1 ^1 ^ Geochemistry 

«* *• ** 

.4-l^ CjI v„iil]| a 4,t>. aJ ^l>J| g.Li4 iS[.!l 


jt J? J^j jt 1 . 0 1 I L 



u-® s 


C> 


Giant planet 








L.^! 



1 

J( 


O^J 


L_dl^4.-5Lll 4-.>Ji 


Vi 3-1:^^ 


iVl 




t Greenhouse effect 


5jlj—>Jt 4—4a^jJI 


. Lj.4 ) ^JLxljU 


1^ L^ljL%j Cy^ jbjL5tiJ i.xjfffi I » 

, 1 ^j-4 jjjfj juJl>JI ^j-4 cjIjj 


L3-^J ‘ ^<La_j__>J, I 4_St^ (II 

«» ^ 

jLrtla^ 


^ claLdJo^VI iJi t 5 ^ ^ 




Greigite 

• 


iljL- ilU- ijk solvents cjLujdl ^1 jl 

















C/UiUuaaJI .5 jju*4> 





3^1 Half-life 

*» 

JL»iU AjuiXI ^Vl J>a (_,Ai^;Il 


t ijl < u l) i ^Ijj J 

jl a_9.lj o_i>jj^ L^i_j L7^ 


Helium 


(iTHJLH-Je^ 



I oljj (j_d ^J^LSULj j f-i^j — 

4* 


Hydrocarbon 


^ (ljl_A_ILtl ^^-judL/ «Ji 


• 4 ^ 


b ij±y^ U7^ U7^ 


Hydrogen 




j 


^>0 ur^ Hyperthermophile 


ijoj! 


1 jU^^t j! 2bl juo ^ Igneous rock 

(^LuuJI (Jjkij 


Infrared 


djl j CjIjjjj»^ 


frcquen- cjIjj jH 4 j 


^^UJl cjLjjjj_iJl xa ^ j lf> cies 

«• «* 

<ij-uaJl V^Ia 




tlil c^l^iL!l Inner planets 


t^^jjJllj I 4_iL>.ljJi 




CT^ SJI 2LpJI 


bj cM- 


JuL, i Luoj,, tr\ t3l_j-^>Jl 


Inorganic 




















^>oJt SLp Q£ 


. A i X. ! \ 

Interplanetary dust 

L^\j$J\ U^ jl^l 

L>3^ J-JftJ i^A L^la 0>^ L>^ 

Jt 

^j.^1 ijyj »1 «>> rtli cJsj-A L^I 2^^ 

♦ 4.2jbLuJt 

Interstellar dust 

tjrtj jL^I 

. L^ljj^Cii j!^\ jl 1 jl>-1j cjjlSb 5jj 

Ion 

Oii^ 

- ‘ ‘XSi ju jl^kJI cjI^j (1)^ LcuLi-uf (j^^SLu 

Iron oxide 

Jujj>jl 1.1 t < li^] 

*» «* 

«duj^^j^LIjL) jljkJI d)t^j Ll^Ll^I 

Iron sulfide 

JLijL>Jt rju^>j^ J, ual < u 

«* ^ J *• 

tL^xjuu^ cliLjjJj[^^l JJlC. 1 ^ f g {^jpLScJ 4^^! 

IjJlC, >it \ t4 t <i <> 1! ^g*<.n ^LjJIjj 

«» «» «* 

Isotope 

, A IIAm U 4 i*<^ 11 4 J AiAlLujVi 

3fe_) i^^patjVl '>■ <—iJl 

' ^ ^ J^l^l j»ljj:w^l^l 

Kilogram 

(»'j^y:!^ 1 

^ v" A cJlJi {^jL iuJJ all^l 5JL:>-J 

«• •• • •• 

.J^i^ • .nr^Tv j! 

Kilometer 

. iaJUl« 4^Uo 

Kinetic energy 

a^Uo 

5 ■ ^jtl U^JI^fj .ijLljjj_3 

(j-u t4 — 4 —«— jj — ^U^jjl 

1 ^ 1-^ i,.i itl 1^0^^ ^l^^.jg,^iJl 4jtjj<Vl 

Light 


« 













i**tlTiih«AnJI ^ _piuLO 


«* 

Light-year 

A^A%^ ^ ^ J ii 

OJ—^ jj •* <^'l Cy> <t'j—^ 

^ 1 J 1 <itlSLJI iHiLj^ (1)^ 4 111 ml 

i^ljLuol ^1jJlJ 4-y J-O UU: ...Ul 

cl)ljj.j^_^ ^1 11-^ ~ ‘ ji^j j4-Sie--»JI 4l I “■ i^tl 

.jjfcJI ^L» 

«• 

^ Limestone 

4.!u.alXl 4^U^iI ^«SJI jjb tLo ^ 1 ti,>J 4 1 nitIL 

* l^C.!jjf n-xASKj CjU^j^I 3j^a^ l)^ Ct^ 

M 4* 

Luminosity 

i^ln Hi 

jt ^^>^jVt melted ^li*\ ^ j^—se _ to 

4^aju!u]| 

Magma 

3jl^a-o 

1 < III 1 ^ T 

Magnetite 

C«aiaJLwLa 

«• *k « 

4 

' 

4. 1 HI t ULiuL^a 4ajjL.il .4 (JliLi&adUj ^jaliblu ^4-dJ L)>4.,i^j 

^ ^^.-.^10X1 JL^I olj^tj 

.spstidlly 1^ (jjLxJLI tfjLft 

Magnetotactic 

Bacteria 

^LselbV) lj>aIiSLj 

«4Ny « 

«• 

SL^-gJI (jr^ lIjJ-jx 

4J^L^j if^jhlij JjLb 4-3ra**r) cjVI>JI 

4j >»!l CilojlSLlI jju^Mji |<ii ii4 

* 0>^ cr^ 

•k 

Mass extinction 

4ik 



















.^1 4^1 ><,.<11 oLUitU ^1 9jy^\ 

%• •• 

Metabolism 

Cj^ I^A J^L-U t Tu 

c-iy—iJl —i. —4 ^Lijf ^ ^ 

«« ** 4 * 

Meteor 

i^!>LiJI «ji>^ J-»j Lj^W tA)-" >^*^ 

4* 

44 

Meteorite 

44 

j—x-juxil >1 ^ jl a^ja jl (jg'^ V <1^ ^ < <1 "w 1 

Meteoroid 

^ > 11>^ 

44 

4_Lx^ i^jja L^jI ‘^"^N * << Mill ^ < i< ^JLc, 

jIjlI, jj^ i c. ^^j£. ^ZLilij A ti fjjA 4 ia.jfc—a 

44 

Meteor shower 

tT^JhH (Jj'j 

44 

jJj-_>. SjljjJi ciJji ^1)1 4—<,- ^ A 

cillj 4^LIL< c^m >» i^Lu.rt*i ^LojiJLl ^ ..iIl!I 

44 

■ t 1^ i /itl t«> i 4^JbifcdA ‘ ^ < JulC. 3^I^jJ 1 uiijLijiJI 

Meteor swarm 

' “13 ^11^ <tl (J^jJeaU 4-^fa<iLi-<jVi 

44 44 ' 44 

.L^^ r^,rv 

Meter 

44 

Ojj^I ^<Ja] 4 0 i iiL>. 4.^-4iAt CjII^ 

, <.l 1 i^ cj^_l!| 4J0L-L^jj ^ AAV ^ i„K 

j-i-C. 4_Cj— Ij\ 

44 

Michelson-Morley 

experiment 

4 4 *4 4 * 

(^J>^ 

44 














CiIaUuaaJI jjku4> 



L>“LSj lih!^ 


^ .... .y^Yv (_5 jL.u^ ijjJ.1 (jA o-« 


.^Jl 


Micron 







Milky Way 




sljl^I f^jja cJiJj I'uA U'i 


L>-^ L$J 




•• ** 

• , *V^TV (^^1—<H i—flJl 

4 * 

O^ '-«! .4 « j ..i k JI ^ 

«• ' 


Millibar 


jii <jiL. 

«• 

Millimeter 


4_1 A i/ - ^ ) V 


^ o—^ 




]\4ineral 

tjjyjjUUJ 


CjIj (j—« 



j! uipj^ ltv jL>ul 


CjII^^.4^1 CjLjjSLq Jk->>L^ ^ J J ' ** > 


4 L 4 .JL.JI 41^1 


Molecule 


«* 

Monomer 




CjI^ ^ i*(<) (^!df xjj <4._j_u»jVl 3l-xjJI 
*• •• 

*cH)Ll^j^^^Ji 4-u^^Vi 



:<M- 











^jaJI ^ CitiuJi 


U> * i J-=!^ 

(>ii -.-a-j jjij j »LiJi jji_u,Vi 

^ 1 «* 

* 4-ua^V1 t4£j) A^r, 

Murchison meteorite 

«* 

t^jJlj .<^1 oSlSJL ^UJl DNA UjJI ^ ^ 

«* *« 4 * 

t-fliiJI cJil M.ll J^-Ub O^ 6^-^ 

^J CjI^i V.lJt ^IXA (^bjjj 4 .i-i^ c. (J^L^ 

•((j-^*) <jjb->^' <tijjs^ 

Mutation 

3j-flL 

»CjIjJ1/4jjIjJL 4j^.n^ 

Nanofossil 

4j^lj 

* ..i^iL^ ‘^' o^ u^ (>* 

«% 

Nanometer 

Oj 15 ilatji L5ii»J Lr^J^ 

^IjcTJ 4J^ L>^ OJ^ l4^l]ur. 

• ^ JlL& ^julu 

Neutron 

4 t un 1^*4 31 JJ f^JpL>U <^lj3 J t^]c. 

«• 

at i4_ILuj (J-C. 4 fll't.'^ll 4 j^LIcu u^jJL^iJJ 

«• 

*CjLjJ|^J.^ 3^ -«!lt.,f- jt ^t -cuJ jt (^^L-4J j! <^ti,.l— fau 
CjIj^jJ}j_u ^ ^ .i-LlI <^lj^ 4 <ir t cilLLtuj 

.CjUJJJIjJ 4 t u nj 

Nitrogen 

4ij jL3tJ jilj >4^^ C*>0 (jrpl^ ^L4jLjl 

.4-ud^ V X • , 1 OjJJLh^^ 

Nuclear fusion 

iSjJ^ (|».L5taJI) ^Ujjl 

IjjJI^ Tr ..fda^Vl (^jjjJi ^_^iaja_>Jl Lcl 

.(RNA LjjJl) ^j.^4>ili L»[^ <(DNA 

Nucleic acid 

%• 
















Cil'athiAAJi ^ jMixP 


LjJI DNA UjJI Ij.tl SJa^^l oLxjj^l O^f 

ijjjVl CjI.i nj) jl<^l (jjSi .DNA UjJI .RNA 

•» 

*** «• 

4 i tlj (^oJl jjJlII c -ijilj iRNA LjjJI (jS 

•* «• 

.DNA UjJI 

Nucleotide 

U5^J t3j jJI ^ 4 j}^jJ.I 4 a UUI (\ ) 

.CjLjj^^^I f^A jl jJluoj j5 JLxIj 

^Ij iSi^l Ajil^ 4_iliJl ^ 4,rtUm (Y) 

4jIVl! 4,j,.t^::^.l 1 BjULI 

«* 

Nucleus 

54 

4 ji jLmi ^ 3j-_:>.lj 

.BljiJl 4 i,4„i2r>. 4 1^ 

Organelle 

(oLuiac, :^) 4j.>.<- 

clji ^ ^1 ^4*^1 c.LSjX\ J\ ^ 

«» *• 

.BLpJL 4fllji*iJLi ^1 LlajI 

Organic 

«« 

J^jj! ,>0 >4 j-=^ 

m 

spores ^^^LJI 4u^^\ 

i3L_i.^JI ^IjJ) cjI ^ j, ^J 

«• 

cjIj^Lo^ cxLxj L^I La>>V 

«* 

*4£Lu^t (J^ ^Luf 

Orgeuil meteorite 

m 

4 > ■<oL^I Sjj t4^lS[,ii < utl 

C>^ Cr^l T L.-<.*JI 4>a 

Orthopyroxene 

uy^sjrii 

<1% 

CjLjjjLj 

Oxide 

«* 













SU> 


4__uL_4j / JLc. j-Ti >tJ ^ 

i4^L^ t 4 .Jk_t-ui fd Ah ^t, 1 

*k 

^ i^ti. C j- ^ J„.>. 1 jl —iii_£, jl i4_*—LOJ 

M 

4 .111 .<>3 _bu-^Vl CjIjJ c..<i-c.i (.ililLcJ^ * u 

.4^L^I 4_^Lua^ 

Oxygen 

< 1^1 

.^ 03 ) CjI^J (il»^L j i..iLlLiJ 

<-^!yi—aJI L-^l—C. Sjij-jzkjJLI C|_13J^^ i»j)' 

L. <i c.f ^-LxtdU \j\ _>Jl 

« 4 < g^.ill 3.^ 4 juujVi 

Ozone 

JiUj Lo SLpJl ^Lj 4jjJ^ 

«* 

0 ^ JL^i J:H-^ ‘cr^l 

, cosmic seeding 

*» 

Panspermia 

.4_ol 3|jj 4jx!jua 

«« 

Parent nucleus 

SjJIj 51^ 

Ijb^JLkj t4_/ajij Bjl. 4 L 

Permafrost 

jLg^-tjuJ t 1 

44 

4jt_lful ^1 (-yj^ 5>J)^^jU 3 _ ^LL^l a 1 J-3tILtdol 

«• 4 * ? 

a^ oHjj^ S;^y - ^-i-r<5^^ 

CljLuL^Ji J A ■4JJ.,^I 

•• •• 

(H 2 S) s-^ i4_pJl 

CjI >,i g c. t-< 1 r. 1 (H 2 O) tf.m 4 »t.t-l \ (^ildl j[j<-dl 

•• ^ 

AJJ ^jjuaJl Jjurdi 

' •• 44 

Photosynthesis 

(sUJI) JjiuUl 

c4>^' 















tZfUlJybuAAJI 



^ J>^ 


Planet 






jJu^? 



jjL^ij tj j. i5v t ^j»/o jJLudI ^4ijw 

o^jLjUII CjLoUf^ujVI JuJUlII 


Planetesimal 


4-j-l^jVI 5j plates ^L^-uaJ 4.1^tl^) 

* 4j 4.^j I <*lJ I 



■i—ual C)L.jj^_^ 4JLxiL4aJI 


Polymer 


Ja^j3 i(cl»lJ^:>.jJll^ ^ o < ti~ 

*< > I t jg ^j < .Jl—-Vi4^1^^5Lj 3jj) > 1 


^ ^ ^ ^ 




. U ^L^Vi e-dMiJl Primitive atmosphere 


i f 0 M-U 1_4 




^_^ljLpl 


1 Primitive Earth 


j—5 C-A.ajjl j-Aj tcAi- 4J-L-U j 4-^1 jl^1 

^ i4j_jaj ^ 


* JL)bV.Jt>Ji J ^ i^«U 


i3L-i_%JJ 4 j (II j^jJi 4!)^1 »_i!I jL_>.lj 

V 4_jJLi^JI 3 jlj->>j 5Lj.j>J 1 jj_4 

«• 

juJl%IL)I 3i,L-i-><Jl BI^JlJI 4^lji^i 2 jULI j fS 


* 4-U-L4Sy i 


Prokaryote 
SljiJl ^1 Jlj 


Protein 


0^»JLh» 















oitl ijjA dJL>.lj ^;>..< ti.y 

*4^ Jill 


Proton 


UJJJLh* 


,-cGjSu ^ Protoplanet 


L» iU xa uj *jW^J 6^ ui^ 


^^-atjlJI ^i-i>. ij^ d^^SL^I djJLdJi J^'L^ 


<^ijj 

Vk 

Protoplanetary 



Disk 


*4JL^Ijljj 4_Lo (j? (^JlIIj ^IjlJI ^_^j-flJl 


4 jL»-X*j j^A f^_yxj^uij (^jJlj f.Lul 

♦ A^I-IlJt A-uIiL^I (Ja^J jLjlIIj CjljLiJI ^ i 


i , 0 4..jloc: ilJI 


Protostar 


Protosun 


* 4 / tJi 4^ IJL^ 1 ^t,i 0 ui t i 


^yjC. 4i:MLl)t 4 ^LmjSJI Cjl^i^jLli 


dilhiL ^yA i JLJJL-^JI cHjIi 


6-^ tP 


Pyrolitic 


Pyrrhotite 


. JjJl>J 1 Ciljj ^jja (j-GJul j\ dji iflLtbVLj iCu^.^1 

4j; jJI 4^Vl ^1 jj! 1 ^ e ^j-2j 4,-j,,i^ll Radioactive decay 


(^1 L^UIj J:)>3t^ ^Uull JI>o 

Jiitlil 2»jjQ 5ljj Radioactive Nucleus 

«« 

A ^ * 

A.fci 

(^1 4^S/I JJlt 5u-tiij jU-c? JyJ^ Radiometric dating 

«• 

(_yAl- t-ijiyi J I**- ~<ll (jja (jrtJi .a JiTxii ^j^uLi^U ^^GJI 

yUl («5jJt_^i 4i^Vi))) 4^S/i jjLii ^! r.iijVi 

%• •• 

Loi^J ♦ » ru^l JjjeJ i iJ L^_jU3j^ JUX. 4J(jVI 4j^^i 













ulsiIllJlAflJI ^ JJUiA 


t^jJI jlj .SjJIjJI iuVI Ojlj 

«• ^ * 

(jSLi^ jlLo ^ 


^ T ^ 

\luj^ U^)4 fj$ (j^LU ((jJl^l)) 

.jJI^^ LdjL^jo ((Lul)) 

, Replication 

iRNA U jJ\ Cj\ .i^_A • A 

L>^ oLLuj^^I L.^ i ^ ^ j_i:aljll 

.,>Lu»l Ol^ 

Ribosome 

4-^L^ 

^'4i>-?J' o-« ‘ J-S-»-«j ^ j .1 *> 

(j-<o jliJljlJIj iDNA LjjJI t ^ ^ 

tjL^I a^ lA j ^ ^ 11 cJuL^^l 

.DNA LijJI (> il4_caJai a ■; Z^tl JSL^^I 

«• 

RNA (ribonucleic 

acid) 

(LT*i>t' 

«» 

Sj)j-j>. ji^Ldjjl 1 4 K 4jj-4 jIa)^ 4_lj^jJt 

t(Jjlj) -4 aJI j. V t*) CjV^i • a Ct^I ^ 

• iliiSAll J^h (>» tfjj^ aj>j (i'jJ'j 

«» 

Runaway 

greenhouse effect 

** 

4JLa (J^^ J3^ Li i,<,«\ ^^-uuuo |^-xjuj>. 

u:^I 4^ JLi^ t^^.-uSL) AjaLuL>> 

«cLl^*i otII L.a^ ui?!^ 

Satellite 

. \ 

.Ajjjuajtil jljJLij i^jLxJlij 

Sedimentary rock 

*• •• ♦ 

La ^ ni-^ ^j- 4 J U S >Uj 5j^ 

’ •• 

.<jljL>.t 4 -l2j 

Self-gravitation 

<-uijJi <LujL>Jl 
«» **• « 














^>aJI 6tp QC 


iMHfMMMMMlWtM 


.jjlajVi 


SETI 


Search for Extraterrestrial Intelligence: SETI ^lu» 


^\ Shooting star 


C^l ^ <*tt 


Silicates 

CjI^lL It 


^j£Ld-u_uJl cisljj ^ 

i^A j! 5 jl>.1j ^1 ^Lu^yij t 


‘CjI^^JLiILj 4,j ic. 4 <a Sinter 

«» 

C< Tribt CjL^Jlj ^Jt oj BjuIiLa 3jl^^ tSjL^ 


«(■ i 4 rtt:> la A CjijJLdll cIaL^ j^ 


L7^t"u-^'-9 
♦% •* 


jl 51'; ! ^ 


aJL^ 


iit'sr I.H ,& 




Skepticism 
4^ *4^aSL^ 


*4^1jLJi <U^j Solar nebula 

4* •• 

J^i ! JL4 uJI 

** ' 

Uj jjjG >L^Vl julj Solar system 

4* 1 

^ i 4juljJj jL^^Vij aUauJI 




- .CljjCJt ^LiaJI^ ttiJjLiJiJl^ 4 -Uui.^4_ouJ 1 4X.J^..0l>JLI 
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